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APPENDIX C AIR QUALITY EMISSIONS CALCULATIONS 
AND RECORD OF NON-APPLICABILITY 

This appendix discusses emission factor development, calculations, and assumptions used in the air 
quality analyses presented in the Air Quality section of Chapter 3 (see Section 3.1). 

C.1 SURFACE ACTIVITIES EMISSIONS 

Surface activities are associated with vessel movements. Fleet training activities use a variety of marine 
vessels, including cruisers, destroyers, frigates, carriers, submarines, amphibious vessels, and small 
boats. Testing activities use a variety of marine vessels, including various testing support vessels, work 
boats, torpedo recovery vessels, unmanned surface vehicles, and small boats. These vessels use a 
variety of propulsion methods, including marine outboard engines, diesel engines, and gas turbines.  

Marine Outboard Engines: 
Emission factors for small surface craft involved in amphibious training and testing activities were 
obtained from the Navy and Military Sealift Command (MSC) Marine Engine Fuel Consumption & 
Emission Calculator database. Emissions for surface craft using outboard engines were calculated using 
Navy and MSC emission factors which are provided in terms of emissions per hour, and multiplied by the 
hours of operation. 

Emissions = HR/YR×EF×ENG 

Where: 

Emissions = surface craft emissions 
HR/YR = hours per year 
EF = emission factor for specific engine type 
ENG = number of engines 

To obtain the total criteria pollutant emissions for the Proposed Action, emissions were calculated for 
each training or testing activity, type of surface vessel, and criteria pollutant. These individual estimates 
of emissions, in units of tons per year, were then summed by criteria pollutant to obtain the aggregate 
emissions for surface vessel emissions activities. 

Diesel Engines: 
Emission factors for small surface craft involved in amphibious training and testing activities were 
obtained from the Navy and MSC Marine Engine Fuel Consumption & Emission Calculator database. 
Diesel was assumed to be the primary fuel to ensure a conservative estimate. Calculation methods 
similar to those described for Marine Outboard Engines were used to obtain emissions estimates for 
diesel engines. 

Emissions = HR/YR×EF×ENG 

Where: 

Emissions = surface craft emissions 
HR/YR = hours per year 
EF = emission factor for specific engine type 
ENG = number of engines 
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Diesel engine emission factors were multiplied by the annual hours of operation to calculate the 
pollutant emissions per year. 

C.2 AIR ACTIVITIES EMISSIONS 

Fleet training and Naval Air Systems Command testing consists of the activities of various aircraft, 
including the F/A-18, P-8, SH-60B, MH-53, MH-60S, and Lear jet. RDT&E air activities consist of various 
aircraft, including the 1UH-1N, SH-60B, MH-53, MH-60S, and Cessna-172. Aircraft activities of concern 
are those that occur from ground level up to 3,000 feet (ft.) above ground level (AGL). The 3,000 ft. AGL 
ceiling was assumed to be the atmospheric mixing height above which any pollutant generated would 
not contribute to increased pollutant concentrations at ground level (known as the mixing zone). All 
criteria pollutant emissions from aircraft generated above 3,000 ft. AGL are excluded from analysis of 
compliance with National Ambient Air Quality Standards. The pollutant emission rate is a function of the 
aircraft engine’s fuel flow rate and efficiency. Emissions for one complete training activity for a 
particular aircraft are calculated by knowing the specific engine pollutant emission factors for each 
mode of operation. 

For this EIS/OEIS, emission factors for most military engines were obtained from Navy’s Aircraft 
Environmental Support Office (AESO) memoranda and previous Navy EIS/OEIS documentation (primarily 
citing the Federal Aviation Administration’s EDMS model). For those aircraft for which engine data were 
unavailable, an applicable surrogate was used. Pollutant emissions for each aircraft/organization were 
calculated by applying the equation below. 

Emissions = TIM×FF×EF×ENG×CF 

Where: 

Emissions = aircraft emissions (pounds [lb.]) (for EF in lb./1,000 gallons [gal.] fuel) 
TIM = time-in-mode at a specified power setting (hours [hr.]/operation). 
FF = fuel flow at a specified power setting (gal./hr./engine) 
EF = emission factor for specific engine type and power setting (lb./1,000 gal. of fuel used) 
ENG = number of engines on aircraft 
CF = conversion factor (0.001) 

C.3 MUNITIONS EMISSIONS 

Available emissions factors (AP-42, Compilation of Air Pollutant Emission Factors) were used. These 
factors were then multiplied by the net weight of the explosive and the number of items that were used 
per year. This calculation provides estimates of annual emissions. 

Emissions = EXP/YR×EF×Net Wt 

Where: 

Emissions = munitions emissions 
EXP/YR = explosives, propellants, and pyrotechnics used per year 
EF = emissions factor 
Net Wt = net weight of explosive 
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C.4 EMISSIONS ESTIMATES SPREADSHEETS 

The following spreadsheets show the emissions calculations for ships, aircraft, and munitions, involved 
in training and testing activities. These spreadsheets were developed for each range complex and testing 
area. The spreadsheets show the calculations developed for each alternative analyzed in this EIS/OEIS. 

Table C-1: Summary of Emissions by Air Basin 

Source 
Emissions by Air Pollutant (TPY) 

CO NOX VOC SOX PM10 PM2.5 

Hawaii (Baseline Emissions) 25 60 3 19 6 6 

Hawaii (Alternative 1 – Preferred Alternative) 18 58 3 18 9 9 

Hawaii (Alternative 2) 20 75 3 25 9 9 

South Coast Air Basin (Baseline Emissions) 98 155 23 34 21 21 

South Coast Air Basin (Alternative 1 – Preferred Alternative) 72 95 27 21 19 19 

South Coast Air Basin (Alternative 2) 72 96 27 21 19 19 

San Diego Air Basin (Baseline Emissions) 146 855 456 332 39 39 

San Diego Air Basin (Alternative 1 – Preferred Alternative) 138 835 445 330 39 39 

San Diego Air Basin (Alternative 2) 139 849 445 340 40 40 
1 Table includes criteria pollutant precursors (e.g., volatile organic compounds). Individual values may not add 
exactly to total values due to rounding. 
Notes: CO = carbon monoxide, NOX = nitrogen oxides, PM2.5 = particulate matter ≤ 2.5 microns in diameter, 
PM10 = particulate matter≤ 10 microns in diameter, SOX = sulfur oxides, TPY = tons per year, VOC = volatile 
organic compounds.  
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Air Emission Calculations 

Summary Tables 

Hawaii-Southern California Training and Testing Activities 
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Table C-2: Surface Ship Emission Factors 
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Notes: 

1. AOE-1 assumed 2 boilers operating and heavy displacement 

2. AOE, LHA, LHD, and LPD class ships – Steam ship emissions are calculated based on ship’s fuel 
consumption. 

3. Steam ship emission factors were calculated using U.S. Environmental Protection Agency AP-42 Steam 
Ship Emission Factors for Distillate Oil. 

4. All SOx emission factors were based upon 0.5% sulfur content of the fuel. 
5. PM10 is based on 95% of total PM based on information provided by the EPA. 

6. PM2.5 emissions are assumed to be the same as PM10 emissions 
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Table C-3: Aircraft Engine Emissions Indices/Factors and Sources 

 
Notes: 

1. AESO MR refers to AESO Memorandum Reports. 
2. The ICAO, 2007 report was cited in DoN 2008 (EIS for Introduction of the P-8A). 
3. SOHRA stands for Safety and Occupational Health Risk Analysis 
4. PM2.5 emissions are assumed to be the same as PM10 emissions. 
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Table C-4: Total Annual Criteria Pollutant Emissions within 3 NM from Training and Testing 
Activities - Baseline (tons/year [tpy]) 
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Table C-5: Total Annual Greenhouse Gas Emissions from Training and Testing Activities - 
Baseline (metric tons per year) 
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Table C-6: Total Annual Criteria Pollutant Emissions within 3 NM from Training and Testing 
Activities – Alternative 1 (tpy) 
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Table C-7: Total Annual Criteria Pollutant Emissions from Training and Testing Activities – 
Alternative 1 (tpy) 
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Table C-8: Total Annual Greenhouse Gas Emissions from Training and Testing Activities – 
Alternative 1 (metric tons per year) 
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Table C-9: Total Annual Criteria Pollutant Emissions within 3 NM from Training and Testing 
Activities – Alternative 2 (tpy) 
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Table C-10: Total Annual Criteria Pollutant Emissions from Training and Testing Activities – 
Alternative 2 (tpy) 
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Table C-11: Total Annual Greenhouse Gas Emissions from Training and Testing Activities – 
Alternative 2 (metric tons per year) 
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Air Emission Calculations 

Baseline 
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Table C-12: Baseline Ship Emissions – SCAB 
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Table C-13: Baseline Ship Emissions – SDAB 
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Table C-14: Baseline Ship Emissions – Hawaii 
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Table C-15: Baseline Amphibious Vessel Emissions – SCAB Training Activities 

 
  



Hawaii-Southern California  
Training and Testing Final EIS/OEIS  October 2018 

C-22 
Appendix C Air Quality Emissions Calculations and RONA 

  



Hawaii-Southern California  
Training and Testing Final EIS/OEIS  October 2018 

C-23 
Appendix C Air Quality Emissions Calculations and RONA 

Table C-16: Baseline Amphibious Vessel Emissions – SDAB Training Activities 
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Table C-17: Baseline Amphibious Vessel Emissions – Hawaii Training Activities 
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Table C-18: Baseline Amphibious Vessel Emissions – SCAB Testing Activities 
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Table C-19: Baseline Amphibious Vessel Emissions – SDAB Testing Activities 
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Table C-20: Baseline Amphibious Vessel Emissions – Hawaii Testing Activities 
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Table C-21: Baseline Aircraft Emissions – SCAB Training Activities 
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Table C-22: Baseline Aircraft Emissions – SDAB Training Activities 
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Table C-23: Baseline Aircraft Emissions – Hawaii Training Activities
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Table C-24: Baseline Aircraft Emissions – SCAB Testing Activities 
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Table C-25: Baseline Aircraft Emissions – SDAB Testing Activities 

 



Hawaii-Southern California  

Training and Testing Final EIS/OEIS  October 2018 

C-53 
Appendix C Air Quality Emissions Calculations and RONA 



Hawaii-Southern California  

Training and Testing Final EIS/OEIS  October 2018 

C-54 
Appendix C Air Quality Emissions Calculations and RONA 



Hawaii-Southern California  

Training and Testing Final EIS/OEIS  October 2018 

C-55 
Appendix C Air Quality Emissions Calculations and RONA 



Hawaii-Southern California  

Training and Testing Final EIS/OEIS  October 2018 

C-56 
Appendix C Air Quality Emissions Calculations and RONA 

  



Hawaii-Southern California  

Training and Testing Final EIS/OEIS  October 2018 

C-57 
Appendix C Air Quality Emissions Calculations and RONA 

Table C-26: Baseline Aircraft Emissions – Hawaii Testing Activities 
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Table C-27: Baseline Munitions Emissions 
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Air Emission Calculations 

Alternative 1
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Table C-28: Alternative 1 Ship Emissions - SCAB 
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Table C-29: Alternative 1 Ship Emissions - SDAB 
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Table C-30: Alternative 1 Ship Emissions - Hawaii 
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Table C-31: Alternative 1 Amphibious Vessel Training Emissions - SCAB 
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Table C-32: Alternative 1 Amphibious Vessel Training Emissions - SDAB 
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Table C-33: Alternative 1 Amphibious Vessel Training Emissions - Hawaii 
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Table C-34: Alternative 1 Amphibious Vessel Testing Emissions - SCAB 
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Table C-35: Alternative 1 Amphibious Vessel Testing Emissions - SDAB 
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Table C-36: Alternative 1 Amphibious Vessel Testing Emissions - Hawaii 
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Table C-37: Alternative 1 Aircraft Training Emissions - SCAB
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Table C-38: Alternative 1 Aircraft Training Emissions – SDAB
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Table C-39: Alternative 1 Aircraft Training Emissions - Hawaii 
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Table C-40: Alternative 1 Aircraft Testing Emissions - SCAB
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Table C-41: Alternative 1 Aircraft Testing Emissions - SDAB
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Table C-42: Alternative 1 Aircraft Testing Emissions - Hawaii 

  



Hawaii-Southern California  

Training and Testing Final EIS/OEIS  October 2018 

C-95 
Appendix C Air Quality Emissions Calculations and RONA 



Hawaii-Southern California  

Training and Testing Final EIS/OEIS  October 2018 

C-96 
Appendix C Air Quality Emissions Calculations and RONA 



Hawaii-Southern California  

Training and Testing Final EIS/OEIS October 2018 

C-97 
Appendix C Air Quality Emissions Calculations and RONA 

Table C-43: Alternative 1 Munitions Training Emissions 
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Table C-44: Alternative 1 Ordnance Testing Emissions 
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Air Emission Calculations 

Alternative 2 
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Table C-45: Alternative 2 Ship Emissions - SCAB 
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Table C-46: Alternative 2 Ship Emissions - SDAB 
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Table C-47: Alternative 2 Ship Emissions - Hawaii 
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Table C-48: Alternative 2 Amphibious Vessel Training Emissions - SCAB
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Table C-49: Alternative 2 Amphibious Vessel Training Emissions - SDAB
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Table C-50: Alternative 2 Amphibious Vessel Training Emissions - Hawaii
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Table C-51: Alternative 2 Amphibious Vessel Testing Emissions - SCAB 
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Table C-52: Alternative 2 Amphibious Vessel Testing Emissions - SDAB 
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Table C-53: Alternative 2 Amphibious Vessel Testing Emissions - Hawaii 
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Table C-54: Alternative 2 Aircraft Training Emissions - SCAB
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Table C-55: Alternative 2 Aircraft Training Emissions - SDAB
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Table C-56: Alternative 2 Aircraft Training Emissions - Hawaii
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Table C-57: Alternative 2 Aircraft Testing Emissions - SCAB 
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Table C-58: Alternative 2 Aircraft Testing Emissions- SDAB
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Table C-59: Alternative 2 Aircraft Testing Emissions - Hawaii 
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Table C-60: Alternative 2 Ordnance Training Emissions 
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Table C-61: Alternative 2 Ordnance Testing Emissions 
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C.5 RECORD OF NON-APPLICABILITY 

This appendix provides a Record of Non-Applicability (RONA) for each California Air Basin potentially 
impacted by the Proposed Action (South Coast Air Basin and San Diego Air Basin) in accordance with 40 
CFR 93.153(b).
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 SOUTH COAST AIR BASIN 
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 SAN DIEGO AIR BASIN 
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APPENDIX D ACOUSTIC AND EXPLOSIVE CONCEPTS 
This section introduces basic principles and terminology for acoustics and explosives to help the reader 

understand the analyses presented in this Environmental Impact Statement. This section briefly explains 

the transmission of sound and explosive energy; introduces some of the basic mathematical formulas 

used to describe propagation; and defines acoustical terms, abbreviations, and units of measurement. 

The difference between transmission of sound in water and in air is also discussed. Finally, it discusses 

methods used to analyze what animals may hear. 

A number of other sources provide a more extensive background on acoustics and explosives than 

presented in this overview and are recommended for further inquiry. These include, but are not 

limited to: 

 Marine Mammals and Noise (Richardson et al., 1995) for a general overview 

 Principles of Underwater Sound (Urick, 1983), Fundamentals of Acoustical Oceanography 

(Medwin & Clay, 1998), and Principles of Marine Bioacoustics (Au & Hastings, 2008) for 

comprehensive explanations of underwater acoustics 

D.1 Terminology 

The following terms are used in this document when discussing sound and the attributes of a 

sound source. 

D.1.1 Sound 

Sound is produced when an elastic medium (such as air or water) is set into motion, typically by a 

vibrating object within the medium. As the object vibrates, its motion is transmitted to adjacent 

“particles” of the medium. The motion of these particles is transmitted to adjacent particles, and so on. 

The result is a mechanical disturbance (the “sound wave”) that moves away from the source and 

propagates at a medium-dependent speed (the “sound speed”). As the sound wave travels through the 

medium, the individual particles of the medium oscillate about their original positions but do not 

actually move with the sound wave. As the particles of the medium move back and forth they create 

small changes about the original values of the medium density, pressure, and temperature. 

Sound may be described by both physical and subjective attributes. Physical attributes, such as sound 

amplitude and frequency, may be directly measured. Subjective (or sensory) attributes like loudness 

depend on an animal’s perception of sound. Physical attributes of a sound at a particular point are 

usually obtained by measuring pressure changes as sound waves pass.  

D.1.2 Signal versus Noise 

When sound is purposely created to convey information, communicate, or obtain information about the 

environment, it is often referred to as a signal. Examples of sounds that could be considered signals are 

sonar pings, marine mammal vocalizations and echolocation clicks, tones used in hearing experiments, 

and small sonobuoy explosions used for submarine detection.  

Noise is undesired sound (American National Standards Institute, 1994). Sounds produced by naval 

aircraft and vessel propulsion are considered noise because they represent possible inefficiencies and 

increased detectability. Whether a sound is perceived as noise often depends on the receiver (i.e., the 

animal or system that detects the sound). For example, small explosives and sonar used to generate 
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sounds that can locate an enemy submarine produce signals that are useful to sailors engaged in anti-

submarine warfare, but are assumed to be noise when detected by marine mammals. 

The combination of all sounds at a particular location, whether these sources are located near or far, is 

ambient noise (American National Standards Institute, 1994). Ambient noise includes natural sources, 

such as sound from crashing waves, rain, and animals (e.g., snapping shrimp), and anthropogenic 

sources, such as seismic surveys and vessel noise. 

D.1.3 Frequency and Wavelength 

Frequency is the physical attribute most closely associated with the subjective attribute “pitch”; the 

higher the frequency, the higher the pitch. Frequency is defined by the number of oscillations in the 

sound pressure or particle motion per second. One hertz (Hz) is equal to one oscillation per second, and 

one kilohertz (kHz) is equal to 1,000 oscillations per second. Human hearing generally spans the 

frequency range from 20 Hz to 20 kHz. The frequency range of a sound is called its bandwidth.  

Pure tones have energy at a constant, single frequency. Complex tones contain energy at multiple, 

discrete frequencies, rather than a single frequency. A harmonic of a sound at a particular frequency is a 

multiple of that frequency (e.g., harmonic frequencies of a 2 kHz tone are 4 kHz, 6 kHz, 8 kHz, etc.). A 

source operating at a nominal frequency may emit several harmonic frequencies, but at lower 

amplitudes. Some sources may also emit subharmonics; however, these are typically many orders of 

magnitude less powerful than at the center frequency. Sounds with large bandwidth (“broadband” 

sounds) have energy spread across many frequencies. 

In this document, sounds are generally described as either low- (less than 1 kHz), mid- (1 kHz–10 kHz), 

high- (10 kHz–100 kHz), or very high- (greater than 100 kHz) frequency. Hearing ranges of marine 

animals (e.g., fish, birds, sea turtles, and marine mammals) are quite varied and are species-dependent. 

For example, some fish can hear sounds below 100 Hz and some species of marine mammals have 

hearing capabilities that extend above 100 kHz. Acoustic impact analyses must therefore focus not only 

on the sound amplitude (i.e., pressure or particle motion, see Section D.1.4), but on the sound 

frequency and the hearing capabilities of the species being considered.  

The wavelength of a sound is the distance between wave peaks. Wavelength decreases as frequency 

increases. The frequency multiplied by the wavelength equals the speed of sound in a medium, as 

shown in this equation: 

Frequency (s-1) x wavelength (m) = sound speed (m/s) 

The approximate speed of sound in sea water is 1500 m/s and in air is 340 m/s, although speed varies 

depending on environmental conditions (e.g., pressure, temperature, and, in the case of sea water, 

salinity; see Section D.3.1, Speed of Sound). 

D.1.4 Sound Amplitude 

Sound amplitude is the physical attribute most closely associated with the subjective attribute loudness. 

Amplitude is related to the amount that the medium particles oscillate about their original positions and 

can be thought of as the “strength” of a sound (as the amplitude increases, the loudness also increases). 

As the sound wave travels, the particles of the medium oscillate but do not actually travel with the 

wave. The result is a mechanical disturbance (i.e., the sound wave) that propagates away from the 

sound source. 
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Sound amplitude is typically characterized by measuring the acoustic pressure or particle motion (see 

Section D.2, Sound Metrics).  

D.1.5 Impulsive versus Non-Impulsive Sounds 

Although no standard definitions exist, sounds may be broadly categorized as impulsive or non-

impulsive. Impulsive sounds have short durations, rapid rise-times, broad frequency content, and high 

peak sound pressures. Impulsive sounds are often produced by processes involving a rapid release of 

energy or mechanical impacts (Hamernik & Hsueh, 1991). Explosions, air guns, weapon firing, and 

impact pile driving are examples of impulsive sound sources analyzed in this document. In contrast, 

sonars, vessel operation, vibratory pile driving, and underwater transducers lack the characteristics of 

impulsive sources and are thus examples of non-impulsive sound sources. Non-impulsive sounds can be 

essentially continuous, such as machinery noise, or intermittent, such as sonar pings.  

D.1.6 Acoustic Impedance 

Acoustic impedance is a property of the propagation medium (air, water, or tissue) that can be simply 

described as the opposition to flow of a pressure wave. Acoustic impedance is a function of the density 

and speed of sound in a medium. Sound transmits more readily through materials of similar acoustic 

impedance, such as water and animal tissue. When sound waves encounter a medium with different 

acoustic impedance (for example, an air-water interface), they reflect and refract (see Sections D.3.3.3, 

Refraction; and D.3.3.4, Reflection and Multipath Propagation), creating more complex propagation 

conditions. For example, sound traveling in air (low impedance) encountering the water surface (high 

impedance) will be largely reflected, preventing most sound energy in the air from being transmitted 

into the water. The impedance difference at the tissue-air interface in animals with gas-containing 

organs also makes these areas susceptible to damage when exposed to the shock wave near an 

explosion, since the transmission from high-impedance to low-impedance can result in large motion at 

the boundary. 

D.1.7 Duty Cycle 

Duty cycle describes the portion of time that a sound source actually generates sound. It is defined as 

the percentage of time during which a sound is generated over a total operational time period. For 

example, if a sonar source produces a one-second ping once every 10 seconds, the duty cycle is 10 

percent. Duty cycles vary among different acoustic sources; in general, a low duty cycle could be 

considered 20 percent or less and a high duty cycle 80 percent or higher. 

D.1.8 Resonance 

Resonance occurs when an object is vibrated at a frequency near its “natural frequency” or resonant 

frequency. The resonant frequency can be considered the preferred frequency at which an object will 

oscillate at a greater magnitude than when exposed to other frequencies. In this document, resonance is 

considered in relation to the size of an air bubble or air cavity in an animal that is exposed to high 

pressure waves and the potential for injury. The natural frequencies of dolphin and beluga lungs near 

the surface are about 36 Hz and 30 Hz, respectively (Finneran, 2003), the natural frequency of lungs of a 

large whale would be lower, while the natural frequency of small air bubbles would be much higher. 

Resonant frequencies would tend to increase as an animal dives, since the increased water pressure 

would compress an air-filled structure and reduce its size.  
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D.2 Sound Metrics 

The sound metrics described here are used in this document to quantify exposure to a sound 

or explosion. 

D.2.1 Pressure 

Sound pressure is the incremental variation in a medium’s static pressure as a sound wave travels 

through it. Sound pressure is typically expressed in units of pascals (Pa) (1 Pa = 1 N/m2 = 10 µbar = 

1.45×10-4 psi), although explosive overpressure may also be described in pounds per square inch (psi).  

Various sound pressure metrics are illustrated in Figure D-1 for (a) a non-impulsive sound (a pure tone in 

this illustration) and (b) an impulsive sound. As shown in Figure D-1, the non-impulsive sound has a 

relatively gradual rise in pressure from static pressure (the ambient pressure without the added sound), 

while the impulsive sound has a near-instantaneous rise to a high peak pressure. The peak pressure 

shown on both illustrations is the maximum absolute value of the instantaneous sound pressure during 

a specified time interval (“zero-to-peak” or “peak”), which accounts for the values of peak pressures 

below the static (ambient) pressure (American National Standards Institute, 2013). “Peak-to-peak” 

pressure is the difference between the maximum and minimum sound pressures. The root-mean-square 

(rms) value is often used to describe the average sound pressure level of sounds, and sound pressure 

levels provided in this EIS/OEIS are root-mean-square values unless otherwise specified. As the name 

suggests, this method takes the square root of the average squared sound pressure values over a time 

interval. The duration of this time interval can have a strong effect on the measured rms sound pressure 

for a given sound, especially where pressure levels vary significantly, as during an impulsive sound 

exposure. If the analysis duration includes a significant portion of the waveform after the sound 

pressure has returned to zero, the rms pressure would be relatively low. If the analysis duration includes 

only the highest pressures of the impulsive exposure, the rms value would be comparatively high. For 

this reason, it is important to specify the duration used to calculate the rms pressure for 

impulsive sounds. 

  

Figure D-1: Various Sound Pressure Metrics for a Hypothetical (a) Pure Tone (Non-Impulsive) 

and (b) Impulsive Sound 

D.2.2 Sound Pressure Level 

The most common sound level metric is sound pressure level (SPL). Because many animals can detect 

very large pressure ranges and judge the relative loudness of sounds by the ratio of the sound pressures 

(a logarithmic behavior), SPL is described by taking the logarithm of the ratio of the sound pressure to a 

reference pressure. Use of a logarithmic scale compresses the wide range of measured pressure values 

into a more useful scale.  
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Sound pressure levels are normally expressed in decibels. A decibel is 1/10 of a bel, a unit of level when 

the logarithm is to the base ten and the quantities concerned are proportional to power (American 

National Standards Institute, 2013). Sound pressure level in decibels is calculated as follows: 

  

SPL = 20log
10

P

P
ref

æ

è
ç

ö

ø
÷ 

where P is the sound pressure and Pref is the reference pressure. Unless stated otherwise, the pressure P 

is the rms value of the pressure (American National Standards Institute, 2013). In some situations, SPL is 

calculated for the peak pressure rather than the rms pressure. On the occasions when rms pressure is 

not used, the pressure metric will be stated (e.g., peak SPL means an SPL calculated using the peak 

pressure rather than the rms pressure).  

When a value is presented in decibels, it is important to also specify the value and units of the reference 

quantity. Normally the numeric value is given, followed by the text “re,” meaning “with reference to,” 

and the numeric value and unit of the reference quantity. For example, a pressure of 1 Pa, expressed in 

decibels with a reference of 1 micropascal (µPa), is written 120 dB re 1 µPa. The standard reference 

pressures are 1 µPa for water and 20 µPa for air. The reference pressure for air, 20 µPa, is the 

approximate lowest threshold of human hearing. It is important to note that because of the differences 

in reference units, the same sound pressures would result in different SPL values for each medium (the 

same sound pressure measured in water and in air would result in a higher SPL in water than in air, since 

the in-air reference is larger). Therefore, sound pressure levels in air and in water should never be 

directly compared. 

D.2.3 Sound Exposure Level 

Sound exposure level (SEL) can be thought of as a composite metric that represents both the SPL of a 

sound and its duration. Individual time-varying noise events (e.g., a series of sonar pings or an impulsive 

sound) have two main characteristics: (1) a sound pressure that changes throughout the event and (2) a 

period of time during which the source is exposed to the sound. SEL can be provided for a single 

exposure (i.e., a single sonar ping or single explosive detonation) or for an entire acoustic event 

(i.e., multiple sonar pings or multiple explosive detonations). Cumulative SEL provides a measure of the 

net exposure of the entire acoustic event, but it does not directly represent the sound level heard at any 

given time. SEL is determined by calculating the decibel level of the cumulative sum-of-squared 

pressures over the duration of a sound, with units of dB re 1 micropascal squared seconds (re 1 µPa2-s) 

for sounds in water and dB re (20 micropascal) squared seconds [dB re (20 µPa)2-s] for sounds in air. 

Some rules of thumb for SEL are as follows: 

 The numeric value of SEL is equal to the SPL of a 1-second sound that has the same total energy 

as the exposure event. If the sound duration is 1 second, SPL and SEL have the same numeric 

value (but not the same reference quantities). For example, a 1 second sound with an SPL of 100 

dB re 1 µPa has a SEL of 100 dB re 1 µPa2-s. 

 If the sound duration is constant but the SPL changes, SEL will change by the same number of 

decibels as the SPL. 

 If the SPL is held constant and the duration (T) changes, SEL will change as a function of 

10log10(T): 

o 10 log10 (10) = 10, so increasing duration by a factor of 10 raises SEL by 10 dB. 

o 10 log10 (0.1) = -10, so decreasing duration by a factor of 10 lowers SEL by 10 dB. 
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o Since 10 log10 (2) ≈ 3, so doubling the duration increases SEL by 3 dB. 

o 10 log10 (1/2) ≈ -3, so halving the duration lowers SEL by 3 dB. 

Figure D-2 illustrates the summation of energy for a succession of sonar pings. In this hypothetical case, 

each ping has the same duration and SPL. The SEL at a particular location from each individual ping is 

100 dB re 1 µPa2-s (red circles). The upper, blue curve shows the running total or cumulative SEL. 

 

 

Figure D-2: Summation of Acoustic Energy from a Hypothetical, Intermittently Pinging, 

Stationary Sound Source 

Notes: EL = Exposure Level (i.e., Sound Exposure Level) 

After the first ping, the cumulative SEL is 100 dB re 1 µPa2-s. Since each ping has the same duration and 

SPL, receiving two pings is the same as receiving a single ping with twice the duration. The cumulative 

SEL from two pings is therefore 103 dB re 1 µPa2-s. The cumulative SEL from four pings is 3 dB higher 

than the cumulative SEL from two pings, or 106 dB re 1 µPa2-s. Each doubling of the number of pings 

increases the cumulative SEL by 3 dB. 

Figure D-3 shows a more realistic example where the individual pings do not have the same SPL or SEL. 

These data were recorded from a stationary hydrophone as a sound source approached, passed, and 

moved away from the hydrophone. As the source approached the hydrophone, the received SPL from 

each ping increased, causing the SEL of each ping to increase. After the source passed the hydrophone, 

the received SPL and SEL from each ping decreased as the source moved farther away (downward trend 

of red line), although the cumulative SEL increased with each additional ping received (slight upward 

trend of blue line). The main contributions are from those pings with the highest individual SELs. 

Individual pings with SELs 10 dB or more below the ping with the highest level contribute little (less than 

0.5 dB) to the total cumulative SEL. This is shown in Figure D-3, where only a small error is introduced by 

summing the energy from the eight individual pings with SEL greater than 185 dB re 1 µPa2-s (black line), 

as opposed to including all pings (blue line). 
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Figure D-3: Cumulative Sound Exposure Level under Realistic Conditions with a Moving, 

Intermittently Pinging Sound Source 

Notes: EL = Exposure Level (i.e., Sound Exposure Level) 

D.2.4 Particle motion 

The particles of a medium (e.g., water or air) oscillate around their original position as a sound wave 

passes. This motion is quantified using average displacement (m or dB re 1pm), velocity (m/s or dB re 1 

nm/s2), and acceleration (m/s2 or dB re 1 µm/s2) of the particles (Nedelec et al., 2016). Note that particle 

velocity is not the same as sound speed, which is how fast a sound wave moves through a medium. 

Particle motion is directional, whereas pressure measurement is not (Nedelec et al., 2016). 

Far from a sound source and without any boundaries that could cause wave interference, particle 

velocity is directly proportional to sound pressure. Closer to a sound source, particle velocity begins to 

increase relative to sound pressure. Because this phenomena is related to wavelength, it may be 

relevant only when very close to sound sources with extremely low frequencies.  

D.2.5 Impulse 

Impulse is a metric used to describe the pressure and time component of a pressure wave. Impulse is 

typically only considered for high energy exposures to impulsive sources, such as exposures close to 

explosives. Specifically, positive impulse is the time integral of the initial peak positive pressure with 

units of Pascal-seconds (Pa-s). Impulse is a measured quantity that is distinct from the term “impulsive,” 

which is not a measurement term, but rather describes a type of sound (see Section D.1.5, Impulsive 

versus Non-Impulsive Sounds). 

D.3 Predicting How Sound Travels 

While the concept of a sound wave traveling from its source to a receptor is relatively simple, sound 

propagation is quite complex because of the simultaneous presence of numerous sound waves of 

different frequencies and source levels, and other phenomena such as reflections of sound waves and 

subsequent constructive (additive) or destructive (cancelling) interferences between reflected and 
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incident waves. Other factors such as refraction, diffraction, bottom types, and surface conditions also 

affect sound propagation. While simple examples are provided here for illustration, the Navy Acoustic 

Effects Model used to quantify acoustic exposures to marine mammals and sea turtles takes into 

account the influence of multiple factors to predict acoustic propagation [see technical report 

Quantitative Analysis for Estimating Acoustic and Explosive Impacts to Marine Mammals and Sea Turtles 

(U.S. Department of the Navy, 2017a)]. 

D.3.1 Speed of Sound 

The speed of sound is not affected by the SPL or frequency of the sound, but rather depends wholly on 

characteristics of the medium through which it is passing (e.g., the density and the compressibility). 

Sound travels faster through a medium that is harder to compress. For example, water is more difficult 

to compress than air, and sound travels approximately 340 m/s in air and 1,500 m/s in seawater.  

The speed of sound in air is primarily influenced by temperature, relative humidity, and pressure, 

because these factors affect the density and compressibility of air. Generally, the speed of sound in air 

increases as air temperature increases.  

The speed of sound in seawater also increases with increasing temperature and, to a lesser degree, with 

increasing hydrostatic pressure and salinity. Figure D-4 shows an example of how these attributes can 

change with depth. In seawater, temperature has the most important effect on sound speed for depths 

less than about 300 m. Below 1,500 m, the increasing hydrostatic pressure is the dominant factor 

because the water temperature is relatively constant. The variation of sound speed with depth in the 

ocean is called a sound velocity profile. 

D.3.2 Source Directivity 

Most sonar and other active acoustic sources do not radiate sound in all directions. Rather, they emit 

sounds over a limited range of angles, in order to focus sound energy on a specific area or object of 

interest. The specific angles are sometimes given as horizontal or vertical beam width. Some sources can 

be described qualitatively as “forward-looking,” when sound energy is radiated in a limited direction in 

front of the source, or “downward-looking,” when sound energy is directed toward the bottom. 
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Source: http://blogs.oregonstate.edu/bioacoustics/2014/10/21/talk-weather/ 

Figure D-4: Sound Velocity Profile (Sound Speed) Is Related to Temperature, Salinity, and 

Hydrostatic Pressure of Seawater 

D.3.3 Transmission Loss 

As a sound wave passes through a medium, the sound level decreases with distance from the sound 

source. This phenomenon is known as transmission loss (TL). The transmission loss is used to relate the 

source SPL (SL), defined as the SPL produced by a sound source at a distance of one meter, and the 

received SPL (RL) at a particular location, as follows: 

RL = SL – TL 

The main contributors to transmission loss are as follows (Urick, 1983): 

 Geometric spreading of the sound wave as it propagates away from the source  

 Sound absorption (conversion of sound energy into heat) 

 Scattering, diffraction, multipath interference, and boundary effects 
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D.3.3.1 Geometrical Spreading Loss 

Spreading loss is a geometric effect representing regular weakening of a sound wave as it spreads out 

from a source. Spreading describes the reduction in sound pressure caused by the increase in surface 

area as the distance from a sound source increases. Spherical and cylindrical spreading are common 

types of spreading loss. 

In the simple case of sound propagating from a point source without obstruction or reflection, the 

sound waves take on the shape of an expanding sphere. An example of spherical spreading loss is shown 

in Figure D-5. As spherical propagation continues, the sound energy is distributed over an ever-larger 

area following the inverse square law: the pressure of a sound wave decreases inversely with the square 

of the distance between the source and the receptor. For example, doubling the distance between the 

receptor and a sound source results in a reduction in the pressure of the sound to one-fourth of its 

initial value; tripling the distance results in one-ninth of the original pressure, and so on. Since the 

surface area of a sphere is 4πr2, where r is the sphere radius, the change in SPL with distance r from the 

source is proportional to the radius squared. This relationship is known as the spherical spreading law. 

The transmission loss for spherical spreading between two locations is: 

TL = 20 log10 (r2/r1) 

where r1 and r2 are distances from the source. Spherical spreading results in a 6 dB reduction in SPL for 

each doubling of distance from the sound source. For example, calculated transmission loss for spherical 

spreading is 40 dB at 100 m and 46 dB at 200 m. 

 

Figure D-5: Graphical Representation of the Inverse Square Relationship in Spherical 

Spreading 

In cylindrical spreading, spherical waves expanding from the source are constrained by the water surface 

and the seafloor and take on a cylindrical shape. In this case the sound wave expands in the shape of a 

cylinder rather than a sphere, and the transmission loss is: 

TL = 10log10(r2/r1) 
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Cylindrical spreading is an approximation of sound propagation in a water-filled channel with horizontal 

dimensions much larger than the depth. Cylindrical spreading predicts a 3 dB reduction in SPL for each 

doubling of distance from the source. For example, calculated transmission loss for cylindrical spreading 

is 30 dB at 1,000 m and 33 dB at 2,000 m. 

The cylindrical and spherical spreading equations above represent two simple hypothetical cases. In 

reality, geometric spreading loss is more spherical near a source and more cylindrical with distance, and 

is better predicted using more complex models that account for environmental variables, such as the 

Navy Acoustic Effects Model [see technical report Modeling and Quantitative Analysis of Acoustic and 

Explosive Impacts to Marine Species due to Navy Training and Testing Activities (DON 2017)]. 

However, when conducting simple spreading loss calculations in near shore environments, “practical 

spreading loss” can be applied, where: 

TL = 15log10(r2/r1) 

Practical spreading loss accounts for other realistic losses in the environment, such as absorption and 

scattering, which are not accounted for in geometrical spreading. 

D.3.3.2 Absorption 

Absorption is the conversion of acoustic energy to kinetic energy in the particles of the propagation 

medium (Urick, 1983). Absorption is directly related to sound frequency, with higher frequencies having 

higher rates of absorption. Absorption rates range from 0.07 dB/km for a 1 kHz sound to about 

30 dB/km for a 100 kHz sound. Therefore, absorption is the cause of a significant amount of attenuation 

for high and very high frequency sound sources, reducing the distance over which these sources may be 

perceived compared to mid- and low-frequency sound sources with the same source level. 

D.3.3.3 Refraction 

When a sound wave propagating in a medium encounters a second medium with a different density 

(e.g., the air-water boundary), part of the incident sound will be reflected back into the first medium 

and part will be transmitted into the second medium (Kinsler et al., 1982). The propagation direction will 

change as the sound wave enters the second medium; this phenomenon is called refraction. Refraction 

may also occur within a single medium if the properties of the medium change enough to cause a 

variation in the sound speed. Refraction of sound resulting from spatial variations in the sound speed is 

one of the most important phenomena that affect sound propagation in water (Urick, 1983).  

As discussed in Section D.3.1 (Speed of Sound), the sound speed in the ocean primarily depends on 

hydrostatic pressure (i.e., depth) and temperature. Although the actual variations in sound speed are 

small, the existence of sound speed gradients in the ocean has an enormous effect on the propagation 

of sound in the ocean. If one pictures sound as rays emanating from an underwater source, the 

propagation of these rays changes as a function of the sound speed profile in the water column. 

Specifically, the directions of the rays bend toward regions of slower sound speed. This phenomenon 

creates ducts in which sound becomes “trapped,” allowing it to propagate with high efficiency for large 

distances within certain depth boundaries. During winter months, the reduced sound speed at the 

surface due to cooling can create a surface duct that efficiently propagates sound such as commercial 

shipping noise (Figure D-6). Sources located within this surface duct can have their sounds trapped, but 

sources located below this layer would have their sounds refracted downward. The deep sound channel, 

or sound frequency and ranging (SOFAR) channel, is another duct that exists where sound speeds are 

slowest deeper in the water column (600–1,200 m depth at the mid-latitudes).  
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Similarly, the path of sound will bend toward regions of lower sound speed in air. Air temperature 

typically decreases with altitude, meaning sounds produced in air tend to bend skyward. When an 

atmospheric temperature inversion is present, air is cooler near the earth’s surface. In inversion 

conditions, sound waves near the earth’s surface will tend to refract downward. 

 

Figure D-6: Sound Propagation Showing Multipath Propagation and Conditions for Surface 

Duct 

Note: 1 kiloyard (kyd) = 0.9 km 

D.3.3.4 Reflection and Multipath Propagation 

In multipath propagation, sound may not only travel a direct path (with no reflection) from a source to a 

receiver, but also be reflected from the surface or bottom multiple times before reaching the receiver 

(Urick, 1983). Reflection is shown in Figure D-6 at the seafloor (bottom bounce) and at the water 

surface. At some distances, the reflected wave will be in phase with the direct wave (their waveforms 

add together) and at other distances the two waves will be out of phase (their waveforms cancel). The 

existence of multiple sound paths, or rays, arriving at a single point can result in multipath interference, 

a condition that permits the addition and cancellation between sound waves, resulting in the fluctuation 

of sound levels over short distances.  

Reflection plays an important role in the pressures observed at different locations in the water column. 

Near the bottom, the direct path pressure wave may sum with the bottom-reflected pressure wave, 

increasing the exposure. Near the surface, however, the surface-reflected pressure wave may 
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destructively interfere with the direct path pressure wave, “cutting off” the wave and reducing exposure 

(called the Lloyd mirror effect). This can cause the sound level to decrease dramatically within the top 

few meters of the water column. 

D.3.3.5 Diffraction, Scattering, and Reverberation 

Diffraction, scattering, and reverberation are examples of what happens when sound waves interact 

with obstacles in the propagation path.  

Diffraction may be thought of as the change of direction of a sound wave as it passes around an 

obstacle. Diffraction depends on the size of the obstacle and the sound frequency. The wavelength of 

the sound must be larger than the obstacle for notable diffraction to occur. If the obstacle is larger than 

the wavelength of sound, an acoustic shadow zone will exist behind the obstacle where the sound is 

unlikely to be detected. Common examples of diffraction include sound heard from a source around the 

corner of a building and sound propagating through a small gap in an otherwise closed door or window.  

An obstacle or inhomogeneity (e.g., smoke, suspended particles, gas bubbles due to waves, and marine 

life) in the path of a sound wave causes scattering as these inhomogeneities reradiate incident sound in 

a variety of directions (Urick, 1983). Reverberation refers to the prolongation of a sound, after the 

source has stopped emitting, caused by multiple reflections at water boundaries (surface and bottom) 

and scattering. 

D.3.3.6 Surface and Bottom Effects 

Because the sea surface reflects and scatters sound, it has a major effect on the propagation of 

underwater sound in applications where either the source or receiver is at a shallow depth (Urick 1983). 

If the sea surface is smooth, the reflected sound pressure is nearly equal to the incident sound pressure; 

however, if the sea surface is rough, the amplitude of the reflected sound wave will be reduced. Sound 

waves reflected from the sea surface experience a phase reversal. When the surface-reflected waves 

interact with the direct path waves near the surface, a destructive interference pattern is created in 

which the received pressure approaches zero. 

The sea bottom is also a reflecting and scattering surface, similar to the sea surface. Sound interaction 

with the sea bottom is more complex, however, primarily because the acoustic properties of the sea 

bottom are more variable and the bottom is often layered into regions of differing density. As sound 

travels into the seafloor it reflects off of these different density layers in complex ways. For sources in 

contact with the bottom, such as during pile driving or bottom-placed explosives, a ground wave is 

produced that travels through the bottom sediment and may refract back into the water column. 

For a hard bottom such as rock, the reflected wave will be approximately in phase with the incident 

wave. Thus, near the ocean bottom, the incident and reflected sound pressures may add together 

(constructive interference), resulting in an increased sound pressure near the sea bottom. Soft bottoms 

such as mud or sediment absorb sound waves and reduce the level in the water column overall.  

D.3.3.7 Air-Water Interface 

Sound from aerial sources such as aircraft and weapons firing may be transmitted into the water under 

certain conditions. The most studied of these sources are fixed-wing aircraft and helicopters, which 

create noise with most energy below 500 Hz. Noise levels in water are highest at the surface and are 

highly dependent on the altitude of the aircraft and the angle at which the aerial sound encounters the 
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ocean surface. Transmission of the sound once it is in the water is identical to any other sound as 

described in the sections above. 

Transmission of sound from a moving airborne source to a receptor underwater is influenced by 

numerous factors and has been addressed by Young (1973), Urick (1983), Richardson et al. (1995), Eller 

and Cavanagh (2000), Laney and Cavanagh (2000), and others. Sound is transmitted from an airborne 

source to a receptor underwater by four principal means: (1) a direct path, refracted upon passing 

through the air-water interface; (2) direct-refracted paths reflected from the bottom in shallow water; 

(3) evanescent transmission in which sound travels laterally close to the water surface; and 

(4) scattering from interface roughness due to wave motion. 

When sound waves in air meet the water surface, the sound can either be transmitted across the air-

water boundary or reflected off the water surface. When sound waves meet the water at a 

perpendicular angle (e.g., straight down from an in-air source to a flat water surface), the sound waves 

are both transmitted directly across the water surface in the same direction of travel and reflected 180° 

back toward the original direction of travel. This can create a localized condition at the water surface 

where the incident and reflected waves sum, doubling the in-air overpressure (+ 6 dB). As the incident 

angle of the in-air sound wave changes from perpendicular, this phenomena is reduced, ultimately 

reaching the angle where sound waves are parallel to the water surface and there is no 

surface reflection.  

The sound that enters the water is refracted due to the difference in sound velocity between air and 

water, as shown in Figure D-7. As the angle of the in-air incident wave moves away from perpendicular, 

the direction of travel of the underwater refracted waves becomes closer to parallel to the water 

surface. When the incident angle is reached where the underwater refracted sound wave is parallel to 

the water surface, all of the sound is reflected back into the air and no sound enters the water. This 

occurs at an angle of about 13-14°. As a result, most of the acoustic energy transmitted into the water 

through a relatively narrow cone extending vertically downward from the in-air source. The width of the 

footprint would be a function of the source altitude. Lesser amounts of sound may enter the water 

outside of this cone due to surface scattering (e.g., from water surface waves that can vary the angle of 

incidence over an area) and as evanescent waves that are only present very near the surface. 



Hawaii-Southern California  
Training and Testing Final EIS/OEIS  October 2018 

D-15 
Appendix D Acoustic and Explosive Concepts 

 

Source: Richardson et al. 1995 

Figure D-7: Characteristics of Sound Transmission through the Air-Water Interface 

If a sound wave is ideally transmitted into water (that is, with no surface transmission loss, such as due 

to foamy, wave conditions that could decrease sound entering the water), the sound pressure level 

underwater is calculated by changing the pressure reference unit from 20 µPa in air to 1 µPa in water. 

For a sound with the same pressure in air and water, this calculation results in a +26 dB sound pressure 

level in water compared to air. For this reason, sound pressure levels in water and sound pressure levels 

in air should never be directly compared. 

D.4 Auditory Perception 

Animals with an eardrum or similar structure, including mammals, birds, and reptiles, directly detect the 

pressure component of sound. Some marine fish also have specializations to detect pressure changes, 

although most invertebrates and many marine fish do not have anatomical structures that enable them 

to detect the pressure component of sound and are only sensitive to the particle motion component of 

sound. This difference in acoustic energy sensing mechanisms limits the range at which these animals 

can detect most sound sources analyzed in this document. This is because far from a sound source 

(i.e., in the far field), particle velocity and sound pressure are directly proportional. But close to a source 

(i.e., in the near field), particle velocity increases relative to sound pressure and may become more 

detectable to certain animals. As sound frequency increases, the wavelength becomes shorter, resulting 

in a smaller near field. 

Because mammalian ears can detect large pressure ranges and humans judge the relative loudness of 

sounds by the ratio of the sound pressures (a logarithmic behavior), sound amplitude is described by the 

SPL, calculated by taking the logarithm of the ratio of the sound pressure to a reference pressure (see 



Hawaii-Southern California  
Training and Testing Final EIS/OEIS  October 2018 

D-16 
Appendix D Acoustic and Explosive Concepts 

Section D.2.2, Sound Pressure Level). Use of a logarithmic scale compresses the wide range of pressure 

values into a more usable numerical scale. On the decibel scale, the smallest audible sound in air (near 

total silence) to a human is 0 dB re 20 µPa. If the sound intensity increases by a factor of 10, the SPL 

would increase to 10 dB re 20 µPa. If the sound intensity increases by a factor of 100, the SPL would 

increase to 20 dB re 20 µPa, and if the sound intensity increases by a factor of 1000, the SPL would be 

30 dB re 20 µPa. A quiet conversation has an SPL of about 50 dB re 20 µPa, while the threshold of pain is 

around 120–140 dB re 20 µPa. 

As described in Section D.2.2 (Sound Pressure Level), SPLs under water differ from those in air because 

they rely on different reference pressures in their calculation; therefore, the two should never be 

directly compared.  

While sound pressure and frequency are physical measure of the sound, loudness is a subjective 

attribute that varies with not only sound pressure but also other attributes of the sound, such as 

frequency. For example, a human listener would perceive a 60 dB re 20 µPa sound at 2 kHz to be louder 

than a 60 dB re 20 µPa sound at 50 Hz, even though the SPLs are identical. This effect is most noticeable 

at lower sound pressure levels; however, at very high sound pressure levels, the difference in perceived 

loudness at different frequencies becomes smaller.  

To account for differences in hearing sensitivity at various frequencies, acoustic risk analyses commonly 

use auditory weighting functions—mathematical functions that adjust (or “weight”) received sound 

levels across sound frequency based on how the listener’s sensitivity or susceptibility to sound changes 

at different frequencies. For humans, the most common weighting function is called “A-weighting” (see 

Figure D-8). A-weighted sound levels are specified in units of “dBA” (A-weighted decibels). For example, 

if the unweighted received level of a 500 Hz tone at a human receiver was 90 dB re 20 µPa, the 

A-weighted sound level would be 90 dB – 3 dB = 87 dBA because the A-weighting function amplitude at 

500 Hz is -3 dB. Many measurements of sound in air appear as A-weighted decibels in the literature 

because the intent of the authors is to assess noise impacts on humans.  
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Figure D-8: A-weighting for Human Hearing of Sounds in Air (OSHA). The Numbers along the 

Curve Indicate How a Received Sound Level Would Be Adjusted at that Frequency. 

The auditory weighting concept can be applied to other species. When used in analyzing the impacts of 

sound on an animal, auditory weighting functions adjust received sound levels to emphasize ranges of 

best hearing and de-emphasize ranges of less or no sensitivity. Auditory weighting functions were 

developed for marine mammals and sea turtles and are used to assess acoustic impacts. For more 

information on weighting functions and their derivation for this analysis see technical report Criteria and 

Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (U.S. Department of the Navy, 2017b). 

D.5 Explosives 

Explosive materials used in Navy testing and training activities are either (1) “high explosives,” 

sometimes referred to as HE, which means that the explosive material has a very fast rate of detonation 

(exceeding the speed of sound), or (2) low explosives, which exhibit a relatively slow burn, or 

deflagration, such as black powder. Because low explosives are typically used in small quantities and 

have less destructive power, the below discussion focuses on high explosives. 

This rate of detonation of a high explosive is highly supersonic, producing a high pressure, steep 

instantaneous shock wave front travelling through the explosive material. This shock front is produced 

by the supersonic expansion of the explosive products, but as the shock front travels away from the 

immediate area of the detonation, it begins to behave as an acoustic wave front travelling at the speed 

of sound.  

The near-instantaneous rise from ambient to an extremely high peak pressure is what makes the 

explosive shock wave potentially damaging. The area under this positive pressure duration is calculated 

as the positive impulse.  
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The positive pressure produced by an explosion is also referred to as the overpressure. As the shock 

front passes a location, the positive pressure exponentially decays, as shown in Figure D-9. As the shock 

front travels away from the detonation, the waveform is stretched – the peak pressure decreases while 

the positive duration increases. The reduction in peak pressure reduces the rate at which the positive 

impulse is received. Both the reduction in peak pressure and stretching of the positive impulse reduce 

the potential for injury. In addition, absorption losses of higher frequencies over distance results in a 

softening of the shock front, such that the rise to peak pressure is no longer near-instantaneous. 

 

Figure D-9: Impulse Shown as a Function of Pressure over Duration at a Specific Location 

The peak pressure experienced by a receptor (i.e., an animal) is a function of the explosive material, the 

net explosive weight, and the distance from the charge. Net explosive weight (NEW) is a way to classify 

and compare quantities of different explosive compounds. The net explosive weight for a charge is the 

energetic equivalent weight of trinitrotoluene (TNT). In general, shock wave effects near an explosive 

charge increase in proportion to the cube root of the explosive weight (Young, 1991). For example, 

shock wave impacts will double when the explosive charge weight is increased by a factor of eight 

(i.e., cube root of eight equals two). This relationship is known as the similarity principle, and the 

corresponding similitude equations allow for prediction of various explosive metrics for a given charge 

weight and material. 

The similitude equations allow for a simple prediction of peak pressure in a uniform free field 

environment, and sources are provided below for using these equations for estimating explosive effects 

in air and in water. However, at longer distances or in more complex environments with boundaries and 

variations in the propagation medium, explosive propagation modeling is preferred. 

D.5.1 Explosions in Air 

Explosions in air produce an initial blast front that propagates away from the detonation. When 

pressure waves from an explosion in air meet the water surface, the pressure wave can be transmitted 

across the air-water boundary and reflected off the water surface. When pressure waves in air meet the 

water at a perpendicular angle (e.g., straight down from an in-air source to a flat water surface), the 
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sound waves are both transmitted directly across the water surface in the same direction of travel and 

reflected 180° back toward the original direction of travel. For acoustic waves, this can create a localized 

condition at the water surface where the incident and reflected waves sum, doubling the in-air 

overpressure (+ 6 dB). For shock waves with high incident pressures travelling at supersonic speeds, the 

reflection from the water surface depends on the angle of incidence and the speed of the shock wave, 

and the reflected shock wave pressure can be greater than the incident shock wave pressure(Kinney & 

Graham, 1985; Swisdak, 1975).  

In certain explosive geometries, depending on the size of the explosive and its height of detonation, a 

combined shock wave, called a Mach stem, can be created by the summing of the direct and reflected 

shock waves at larger angles of incidence (Kinney & Graham, 1985). In instances where this specific 

geometry does not occur, only the direct path wave is experienced because there is no surface 

reflection (waves are parallel to or angled away from the water surface, such as would occur when an 

explosive is detonated at the water surface), or separate direct and reflected pressure waves may be 

experienced. 

D.5.1.1 Fragmentation 

Missiles, rockets, projectiles, and other cased weapons will produce casing fragments upon detonation. 

These fragments may be of variable size and are ejected at supersonic speed from the detonation. The 

casing fragments will be ejected at velocities much greater than debris from any target due to the 

proximity of the casing to the explosive material. Unlike detonations on land targets, detonations during 

Navy training and testing would not result in other propelled materials such as crater debris. 

Fragment density can be simply assumed to follow an inverse-square law with distance, in which the 

possibility of fragment strike is reduced by the square of the distance from the original detonation point. 

The forces of gravity and drag will further reduce the likelihood of strike with increasing distance than is 

accounted for in the inverse-square relationship (Zaker, 1975). The possible area of strike risk at any 

given distance from the detonation point is limited to the surface area of produced fragments, with drag 

and gravity reducing the number of produced fragments that travel to greater distances.  

D.5.2 Explosions in Water 

At the instant of explosion underwater, gas byproducts are generated at high pressure and temperature, 

creating a bubble. The heat causes a certain amount of water to vaporize, adding to the volume of the 

bubble. This action immediately begins to force the water in contact with the blast front in an outward 

direction, creating an intense, supersonic pressure shock wave. As the high-pressure wave travels away 

from the source, it slows to the speed of sound and acts like an acoustic wave similar to other impulsive 

sources that lack a strong shock wave (e.g., air guns). Explosions have the greatest amount of energy in 

lower frequencies below 500 Hz, although energy is present in frequencies exceeding 10 kHz (Urick, 

1983). The higher frequency components exhibit more attenuation with distance due to absorption (see 

Section D.3.3.2, Absorption). 

The shock wave caused by an explosion in deeper water may be followed by several bubble pulses in 

which the explosive byproduct gases expand and contract, with correlated high and low pressure 

oscillations. These bubble pulses lack the steep pressure front of the initial explosive pulse, but the first 

bubble pulse may still contribute to the total energy released at frequencies below 100 Hz (Urick, 1983). 

Subsequent bubble pulses contribute little to the total energy released during the explosion (Urick, 

1983). If the detonation occurs at or just below the surface, a portion of the explosive power is released 

into the air and a pulsating gas bubble is not formed. 
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The pressure waves from an explosive can constructively add or destructively cancel each other in ocean 

environments with multi-path propagation, as described for acoustic waves in Section D.3.3.3 

(Refraction) and Section D.3.3.4 (Reflection and Multipath Propagation). The received impulse is 

affected by the depth of the charge and the depth of the receiving animal. Pressure waves from the 

detonation may travel directly to the receiver or be reflected off the water surface before arriving at the 

receiver. If a charge is detonated closer to the surface or if an animal is closer to the surface, the time 

between the initial direct path arrival and the following surface-reflected tension wave arrival is 

reduced, resulting in a steep negative pressure cut-off of the initial direct path positive impulse 

exposure. Two animals at similar distances from a charge, therefore, may experience the same peak 

pressure but different levels of impulse at different depths. 
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Appendix E Navy Estimated Impacts 

APPENDIX E ESTIMATED MARINE MAMMAL AND SEA 
TURTLE IMPACTS FROM EXPOSURE TO ACOUSTIC AND 
EXPLOSIVE STRESSORS UNDER NAVY TRAINING AND 

TESTING ACTIVITIES 

Navy training and testing activities would result in the incidental takes of marine mammals and sea 
turtles within the Study Area. The following appendix provides the estimated number of marine 
mammal and sea turtle impacts. Specifically, estimated impacts are derived from the quantitative 
analysis for activities under Alternatives 1 and 2 that involve the use of acoustic or explosive stressors. 
The quantitative analysis takes into account Navy activities, marine species density layers, acoustic 
modeling, and other environmental parameters. A detailed explanation of the quantitative analysis is 
provided in the technical report Quantitative Analysis for Estimating Acoustic and Explosive Impacts to 
Marine Mammals and Sea Turtles (U.S. Department of the Navy, 2017c). It is important to note that 
impacts, as discussed in this appendix, represent the estimated instances of take of marine mammals or 
sea turtles, not necessarily the number of individuals impacted (i.e., some marine mammals or sea 
turtles could be impacted several times, while others would not experience any impact). In addition, 
across training and testing activities, the five-year total impacts in each table may be less than five times 
the maximum impact in any year, because the level of certain activities may vary annually as described 
in Chapter 2 (Description of Proposed Action and Alternatives). 

E.1 ESTIMATED MARINE MAMMAL IMPACTS FROM SONAR AND OTHER TRANSDUCERS UNDER 

NAVY TRAINING ACTIVITIES 

Table E-1 provides a summary of the estimated number of marine mammal impacts from exposure to 
sonar and other transducers used during Navy training activities under Alternatives 1 and 2 over the 
course of a year. 
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Table E-1: Estimated Marine Mammals Impacts per Year from Sonar Training Activities 

Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Suborder Mysticeti (baleen whales) 

Family Balaenopteridae (rorquals) 

Blue whale* 
Central North Pacific 9 23 0 9 25 0 11 33 0 

Eastern North Pacific 344 571 0 408 739 0 519 898 0 

Bryde's whale 
Eastern Tropical Pacific 7 14 0 8 18 0 9 25 0 

Hawaiian 24 72 0 25 80 0 31 101 0 

Fin whale* 

California, Oregon, & 
Washington 

381 617 0 457 781 0 572 975 0 

Hawaiian 13 17 0 14 19 0 16 19 0 

Humpback whale✝ 

California, Oregon, & 

Washington✝ 
198 851 0 221 1,019 0 280 1,403 1 

Central North Pacific 1,583 3,575 0 1,643 3,939 0 1,850 4,760 1 

Minke whale 

California, Oregon, & 
Washington 

127 421 0 141 504 0 184 702 0 

Hawaiian 699 2,402 0 750 2,703 1 871 3,229 1 

Sei whale* 
Eastern North Pacific 14 30 0 15 37 0 20 48 0 

Hawaiian 26 79 0 28 90 0 34 103 0 

Family Eschrichtiidae 

Gray whale✝ 
Eastern North Pacific 441 1,595 1 573 2,122 2 616 2,372 2 

Western North Pacific✝ 1 2 0 1 3 0 1 3 0 

Suborder Odontoceti (toothed whales) 

Family Physeteridae (sperm whale) 

Sperm whale* 

California, Oregon, & 
Washington 

1,144 33 0 1,351 43 0 1,600 53 0 

Hawaiian 1,526 21 0 1,691 23 0 1,966 27 0 

Family Kogiidae (sperm whales) 

Dwarf sperm whale Hawaiian 2,981 9,587 12 3,124 10,700 14 3,477 13,121 16 

Pygmy sperm whale Hawaiian 1,155 3,845 5 1,214 4,296 6 1,364 5,219 6 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Kogia whales 
California, Oregon, & 
Washington 

1,253 3,901 9 1,346 4,588 12 1,658 6,357 15 

Family Ziphiidae (beaked whales) 

Baird's beaked whale 
California, Oregon, & 
Washington 

1,155 8 0 1,307 10 0 1,831 12 0 

Blainville's beaked 
whale 

Hawaiian 3,428 11 0 3,675 12 0 4,495 14 0 

Cuvier's beaked whale 

California, Oregon, & 
Washington 

6,144 50 0 6,899 64 0 9,468 80 0 

Hawaiian 1,149 2 0 1,232 3 0 1,470 3 0 

Longman's beaked 
whale 

Hawaiian 12,057 52 0 12,953 57 0 15,939 70 0 

Mesoplodon spp 
(beaked whale guild) 

California, Oregon, & 
Washington 

3,308 27 0 3,715 34 0 5,098 43 0 

Family Delphinidae (dolphins) 

Bottlenose dolphin 

California Coastal 182 5 0 189 5 0 189 5 0 

California, Oregon, & 
Washington Offshore 

24,320 2,320 0 28,953 3,007 0 35,590 3,651 0 

Hawaiian Pelagic 1,856 82 0 1,993 92 0 2,361 104 0 

Kauai & Niihau 70 0 0 74 0 0 75 0 0 

Oahu 8,134 35 0 8,137 35 0 8,188 35 0 

4-Island 148 2 0 150 2 0 151 2 0 

Hawaii 39 3 0 39 3 0 42 5 0 

False killer whale✝ 

 

Hawaii Pelagic 622 26 0 672 29 0 819 32 0 

Main Hawaiian Islands 

Insular✝ 
381 9 0 394 10 0 485 13 0 

Northwestern 
Hawaiian Islands 

226 10 0 245 11 0 299 12 0 

Fraser's dolphin Hawaiian 25,225 772 0 27,491 910 0 31,075 1,008 0 

Killer whale 
Eastern North Pacific 
Offshore 

53 8 0 63 10 0 83 15 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Eastern North Pacific 
Transient/West Coast 
Transient 

99 15 0 117 18 0 155 27 0 

Hawaiian 74 3 0 80 4 0 92 5 0 

Long-beaked common 
dolphin 

California 89,185 7,093 0 119,518 9,324 0 130,970 11,093 0 

Melon-headed whale 
Hawaiian Islands 1,949 148 0 2,141 192 0 2,669 192 0 

Kohala Resident 180 2 0 180 2 0 211 4 0 

Northern right whale 
dolphin 

California, Oregon, & 
Washington 

41,973 5,103 0 50,090 6,692 0 61,039 8,025 0 

Pacific white-sided 
dolphin 

California, Oregon, & 
Washington 

32,075 3,999 0 38,735 5,156 0 47,145 6,355 0 

Pantropical spotted 
dolphin 

Hawaii Island 2,437 114 0 2,463 122 0 2,821 182 0 

Hawaii Pelagic 6,002 299 0 6,467 341 0 8,077 398 0 

Oahu 4,092 29 0 4,097 29 0 4,114 29 0 

4-Island 259 1 0 259 1 0 271 1 0 

Pygmy killer whale 
Hawaiian 5,018 268 0 5,510 305 0 6,386 354 0 

Tropical 370 30 0 433 38 0 568 47 0 

Risso's dolphin 

California, Oregon, & 
Washington 

56,098 6,402 0 67,867 8,356 0 81,280 10,099 0 

Hawaiian 5,761 304 0 6,253 336 0 7,676 391 0 

Rough-toothed 
dolphin 

Hawaiian 3,717 251 0 4,012 280 0 4,806 328 0 

NSD1 0 0 0 0 0 0 0 0 0 

Short-beaked common 
dolphin 

California, Oregon, & 
Washington 

705,511 75,760 1 832,626 99,397 1 1,055,419 121,779 2 

Short-finned pilot 
whale 

California, Oregon, & 
Washington 

808 51 0 922 68 0 1,119 81 0 

Hawaiian 7,671 284 0 8,271 320 0 9,788 370 0 

Spinner dolphin 

Hawaii Island 86 1 0 88 1 0 90 1 0 

Hawaii Pelagic 2,753 152 0 2,972 166 0 3,815 177 0 

Kauai & Niihau 264 1 0 309 1 0 370 1 0 

Oahu & 4-Island 1,469 16 0 1,473 16 0 1,504 17 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Striped dolphin 

California, Oregon, & 
Washington 

99,418 7,404 0 109,630 9,566 0 148,534 12,136 0 

Hawaiian 4,615 274 0 5,076 312 0 5,952 351 0 

Family Phocoenidae (porpoises) 

Dall's porpoise 
California, Oregon, & 
Washington 

5,064 17,166 50 5,715 21,082 64 6,473 27,223 79 

Suborder Pinnipedia 

Family Otariidae (eared seals) 

California sea lion U.S. 59,495 3,591 0 65,455 3,709 0 75,497 3,890 0 

Guadalupe fur seal* Mexico 428 10 0 506 12 0 558 17 0 

Northern fur seal California 8,250 79 0 9,684 100 0 12,163 129 0 

Family Phocidae (true seals) 

Harbor seal California 950 1,466 1 1,138 1,937 1 1,196 2,157 1 

Hawaiian monk seal* Hawaiian 91 40 0 92 44 0 100 63 0 

Northern elephant seal California 21,498 10,452 0 24,582 13,351 1 30,109 16,784 1 

*ESA-listed species (all stocks) within the HSTT Study Area. ✝Only designated stocks are ESA-listed. 1NSD: No stock designation. PTS: permanent threshold shift; 
TTS: temporary threshold shift. 
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E.2 ESTIMATED IMPACTS MARINE MAMMAL IMPACTS PER 5-YEAR PERIOD FROM SONAR AND 

OTHER TRANSDUCERS UNDER NAVY TRAINING ACTIVITIES 

Table E-2 provides a summary of the estimated number of marine mammal impacts from exposure to 
sonar and other transducers used during Navy training activities under Alternatives 1 and 2 over the 
course of five years.  

Table E-2: Estimated Marine Mammals Impacts per 5-Year Period from Sonar Training Activities 

Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Suborder Mysticeti (baleen whales) 

Family Balaenopteridae (rorquals) 

Blue whale* 

Central North 
Pacific 

42 97 0 53 151 0 

Eastern North 
Pacific 

1,827 3,171 0 2,562 4,474 0 

Bryde's whale 

Eastern Tropical 
Pacific 

37 78 0 46 123 0 

Hawaiian 115 314 0 149 457 0 

Fin whale* 

California, 
Oregon, & 
Washington 

2,049 3,400 0 2,834 4,862 0 

Hawaiian 62 71 0 73 86 0 

Humpback whale✝ 

California, 
Oregon, & 

Washington✝ 

1,030 4,549 0 1,384 6,985 3 

Central North 
Pacific 

7,842 15,706 0 9,101 21,776 3 

Minke whale 

California, 
Oregon, & 
Washington 

655 2,249 0 913 3,493 0 

Hawaiian 3,462 10,161 2 4,245 14,339 2 

Sei whale* 

Eastern North 
Pacific 

70 162 0 100 238 0 

Hawaiian 127 326 0 161 449 0 

Family Eschrichtiidae 

Gray whale✝ 

Eastern North 
Pacific 

2,509 9,088 7 3,033 11,850 11 

Western North 

Pacific✝ 
3 11 0 4 14 0 

Suborder Odontoceti (toothed whales) 

Family Physeteridae (sperm whale) 

Sperm whale* 

California, 
Oregon, & 
Washington 

6,053 186 0 7,921 267 0 

Hawaiian 6,997 81 0 9,081 119 0 
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Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Family Kogiidae (sperm whales) 

Dwarf sperm 
whale 

Hawaiian 14,946 41,963 49 17,193 59,432 68 

Pygmy sperm 
whale 

Hawaiian 5,790 16,824 20 6,739 23,609 28 

Kogia whales 
California, 
Oregon, & 
Washington 

6,417 20,572 50 8,227 31,538 74 

Family Ziphiidae (beaked whales) 

Baird's beaked 
whale 

California, 
Oregon, & 
Washington 

6,001 43 0 9,091 59 0 

Blainville's beaked 
whale 

Hawaiian 16,321 43 0 21,457 59 0 

Cuvier's beaked 
whale 

California, 
Oregon, & 
Washington 

31,900 276 0 46,994 401 0 

Hawaiian 5,488 9 0 7,028 12 0 

Longman's 
beaked whale 

Hawaiian 56,966 206 0 75,671 304 0 

Mesoplodon spp 
(beaked whale 
guild) 

California, 
Oregon, & 
Washington 

17,177 149 0 25,305 216 0 

Family Delphinidae (dolphins) 

Bottlenose 
dolphin 

California Coastal 752 24 0 758 24 0 

California, 
Oregon, & 
Washington 
Offshore 

129,894 12,944 0 176,229 18,221 0 

Hawaiian Pelagic 8,711 340 0 11,168 464 0 

Kauai & Niihau 356 0 0 377 0 0 

Oahu 40,671 177 0 40,941 177 0 

4-Island 739 11 0 754 11 0 

Hawaii 194 13 0 211 27 0 

False killer whale✝ 

Hawaii Pelagic 2,906 99 0 3,858 137 0 

Main Hawaiian 

Islands Insular✝ 
1,873 39 0 2,381 59 0 

Northwestern 
Hawaiian Islands 

1,057 37 0 1,409 51 0 

Fraser's dolphin Hawaiian 119,407 3,339 0 146,716 4,564 0 

Killer whale 
Eastern North 
Pacific Offshore 

282 44 0 413 73 0 
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Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Eastern North 
Pacific 
Transient/West 
Coast Transient 

524 82 0 766 136 0 

Hawaiian 338 14 0 424 21 0 

Long-beaked 
common dolphin 

California 518,773 40,017 0 647,923 55,313 0 

Melon-headed 
whale 

Hawaiian Islands 9,015 686 0 12,446 859 0 

Kohala Resident 901 12 0 1,055 21 0 

Northern right 
whale dolphin 

California, 
Oregon, & 
Washington 

224,296 28,590 0 302,249 40,037 0 

Pacific white-
sided dolphin 

California, 
Oregon, & 
Washington 

172,522 22,249 0 233,540 31,717 0 

Pantropical 
spotted dolphin 

Hawaii Island 12,036 567 0 14,014 909 0 

Hawaii Pelagic 27,948 1,255 0 38,060 1,786 0 

Oahu 20,463 142 0 20,571 146 0 

4-Island 1,289 6 0 1,357 6 0 

Pygmy killer 
whale 

Hawaiian 23,304 1,121 0 29,758 1,573 0 

Tropical 1,941 164 0 2,804 234 0 

Risso's dolphin 

California, 
Oregon, & 
Washington 

302,456 35,847 0 402,777 50,398 0 

Hawaiian 26,931 1,210 0 36,139 1,704 0 

Rough-toothed 
dolphin 

Hawaiian 17,473 1,033 0 22,716 1,454 0 

NSD1 0 0 0 0 0 0 

Short-beaked 
common dolphin 

California, 
Oregon, & 
Washington 

3,734,713 424,461 6 5,223,474 607,478 8 

Short-finned pilot 
whale 

California, 
Oregon, & 
Washington 

4,204 288 0 5,542 401 0 

Hawaiian 35,880 1,181 0 46,118 1,652 0 

Spinner dolphin 

Hawaii Island 428 5 0 448 6 0 

Hawaii Pelagic 12,322 504 0 17,530 657 0 

Kauai & Niihau 1,385 2 0 1,834 4 0 

Oahu & 4-Island 7,346 79 0 7,516 83 0 

Striped dolphin 

California, 
Oregon, & 
Washington 

509,735 41,090 0 736,477 60,512 0 

Hawaiian 21,438 1,088 0 27,710 1,497 0 
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Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Family Phocoenidae (porpoises) 

Dall's porpoise 
California, 
Oregon, & 
Washington 

26,564 92,325 278 32,012 134,842 393 

Suborder Pinnipedia 

Family Otariidae (eared seals) 

California sea lion U.S. 307,054 18,188 0 375,420 19,446 0 

Guadalupe fur 
seal* 

Mexico 2,334 52 0 2,791 83 0 

Northern fur seal California 43,571 436 0 60,342 647 0 

Family Phocidae (true seals) 

Harbor seal California 5,121 8,309 4 5,898 10,778 6 

Hawaiian monk 
seal* 

Hawaiian 455 192 0 496 305 0 

Northern 
elephant seal 

California 112,002 57,762 3 149,089 83,680 4 

*ESA-listed species (all stocks) within the HSTT Study Area.  

✝Only designated stocks are ESA-listed. 
1NSD: No stock designation.  
Notes: PTS = permanent threshold shift; TTS = temporary threshold shift. 

E.3 ESTIMATED MARINE MAMMAL IMPACTS FROM SONAR AND OTHER TRANSDUCERS UNDER 

NAVY TESTING ACTIVITIES 

Table E-3 provides a summary of the estimated number of marine mammal impacts from exposure to 
sonar and other transducers used during Navy testing activities under Alternatives 1 and 2 over the 
course of a year. 
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Table E-3: Estimated Marine Mammals Impacts per Year from Sonar Testing Activities 

Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Suborder Mysticeti (baleen whales) 

Family Balaenopteridae (rorquals) 

Blue whale* 
Central North Pacific 6 8 0 6 8 0 6 8 0 

Eastern North Pacific 367 436 0 383 444 0 383 444 0 

Bryde's whale 

Eastern Tropical 
Pacific 

6 8 0 6 8 0 6 8 0 

Hawaiian 15 26 0 15 26 0 15 26 0 

Fin whale* 

California, Oregon, & 
Washington 

356 583 0 378 595 0 380 596 0 

Hawaiian 7 8 0 7 8 0 7 8 0 

Humpback whale✝ 

California, Oregon, & 

Washington✝ 
245 462 0 259 472 0 260 468 0 

Central North Pacific 1,145 2,284 0 1,194 2,291 0 1,193 2,289 0 

Minke whale 

California, Oregon, & 
Washington 

111 154 0 118 156 0 118 156 0 

Hawaiian 467 962 0 483 966 0 485 966 0 

Sei whale* 
Eastern North Pacific 11 14 0 12 14 0 11 15 0 

Hawaiian 18 30 0 18 31 0 19 30 0 

Family Eschrichtiidae 

Gray whale✝ 
Eastern North Pacific 719 1,127 1 742 1,147 1 743 1,148 1 

Western North Pacific✝ 1 1 0 1 1 0 1 1 0 

Suborder Odontoceti (toothed whales) 

Family Physeteridae (sperm whale) 

Sperm whale* 

California, Oregon, & 
Washington 

1,045 10 0 1,084 10 0 1,093 10 0 

Hawaiian 750 7 0 775 7 0 775 7 0 

Family Kogiidae (sperm whales) 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Dwarf sperm whale Hawaiian 2,525 3,629 9 2,633 3,638 9 2,639 3,631 9 

Pygmy sperm whale Hawaiian 1,023 1,447 4 1,067 1,454 4 1,069 1,448 4 

Kogia whales 
California, Oregon, & 
Washington 

1,250 1,644 5 1,365 1,678 5 1,373 1,672 5 

Family Ziphiidae (beaked whales) 

Baird's beaked whale 
California, Oregon, & 
Washington 

678 4 0 723 4 0 738 4 0 

Blainville's beaked 
whale 

Hawaiian 1,638 4 0 1,694 4 0 1,688 4 0 

Cuvier's beaked whale 

California, Oregon, & 
Washington 

4,156 13 0 4,446 13 0 4,476 13 0 

Hawaiian 541 1 0 560 1 0 560 1 0 

Longman's beaked 
whale 

Hawaiian 5,999 23 0 6,199 23 0 6,174 23 0 

Mesoplodon spp 
(beaked whale guild) 

California, Oregon, & 
Washington 

2,238 7 0 2,394 7 0 2,410 7 0 

Family Delphinidae (dolphins) 

Bottlenose dolphin 

California Coastal 1,560 33 0 1,561 33 0 1,561 33 0 

California, Oregon, & 
Washington Offshore 

21,798 667 0 22,747 669 0 22,868 667 0 

Hawaiian Pelagic 1,174 39 0 1,203 39 0 1,195 39 0 

Kauai & Niihau 409 31 0 460 31 0 410 31 0 

Oahu 444 15 0 460 15 0 462 15 0 

4-Island 135 7 0 197 7 0 197 7 0 

Hawaii 35 3 0 35 3 0 35 3 0 

False killer whale✝ 

Hawaii Pelagic 313 13 0 327 13 0 320 13 0 

Main Hawaiian Islands 
Insular✝ 

173 6 0 178 6 0 177 6 0 

Northwestern 
Hawaiian Islands 

115 5 0 120 5 0 117 5 0 



Hawaii-Southern California 
Training and Testing Final EIS/OEIS  October 2018 

E-12 
 Appendix E Navy Estimated Impacts 

Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Fraser's dolphin Hawaiian 11,857 368 0 12,287 369 0 12,133 368 0 

Killer whale 

Eastern North Pacific 
Offshore 

33 1 0 33 1 0 34 1 0 

Eastern North Pacific 
Transient/West Coast 
Transient 

61 2 0 62 2 0 64 2 0 

Hawaiian 38 2 0 38 2 0 39 2 0 

Long-beaked common 
dolphin 

California 108,573 4,399 0 113,786 4,397 0 113,672 4,399 0 

Melon-headed whale 
Hawaiian Islands 1,064 39 0 1,119 38 0 1,111 39 0 

Kohala Resident 149 7 0 161 7 0 151 7 0 

Northern right whale 
dolphin 

California, Oregon, & 
Washington 

38,513 1,337 0 39,922 1,328 0 40,240 1,337 0 

Pacific white-sided 
dolphin 

California, Oregon, & 
Washington 

29,325 919 0 30,487 916 0 30,677 920 0 

Pantropical spotted 
dolphin 

Hawaii Island 1,266 105 0 1,304 105 0 1,295 105 0 

Hawaii Pelagic 3,432 132 0 3,505 133 0 3,508 132 0 

Oahu 176 15 0 187 15 0 189 15 0 

4-Island 304 15 0 441 15 0 439 15 0 

Pygmy killer whale 
Hawaiian 2,548 95 0 2,612 95 0 2,617 95 0 

Tropical 258 12 0 277 12 0 274 12 0 

Risso's dolphin 

California, Oregon, & 
Washington 

46,491 1,724 0 48,211 1,720 0 48,456 1,725 0 

Hawaiian 2,627 110 0 2,696 110 0 2,695 110 0 

Rough-toothed 
dolphin 

Hawaiian 2,042 92 0 2,099 92 0 2,102 92 0 

NSD1 0 0 0 0 0 0 0 0 0 

Short-beaked common 
dolphin 

California, Oregon, & 
Washington 

515,030 18,786 0 540,773 18,796 0 542,718 18,794 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Short-finned pilot 
whale 

California, Oregon, & 
Washington 

831 56 0 867 56 0 867 56 0 

Hawaiian 4,081 110 0 4,225 110 0 4,197 110 0 

Spinner dolphin 

Hawaii Island 187 11 0 191 11 0 190 11 0 

Hawaii Pelagic 1,336 36 0 1,359 36 0 1,367 36 0 

Kauai & Niihau 1,249 62 0 1,374 62 0 1,253 62 0 

Oahu & 4-Island 249 13 0 314 13 0 315 13 0 

Striped dolphin 

California, Oregon, & 
Washington 

50,550 2,031 0 53,992 2,022 0 54,545 2,032 0 

Hawaiian 2,247 92 0 2,302 92 0 2,316 92 0 

Family Phocoenidae (porpoises) 

Dall's porpoise 
California, Oregon, & 
Washington 

7,816 8,213 17 8,312 8,182 17 8,351 8,290 17 

Suborder Pinnipedia 

Family Otariidae (eared seals) 

California sea lion U.S. 46,695 921 1 47,719 920 1 47,774 921 1 

Guadalupe fur seal* Mexico 871 3 0 936 3 0 942 3 0 

Northern fur seal California 5,219 23 0 5,479 23 0 5,501 23 0 

Family Phocidae (true seals) 

Harbor seal California 1,235 1,023 0 1,280 1,025 0 1,281 1,025 0 

Hawaiian monk seal* Hawaiian 34 12 0 48 12 0 48 12 0 

Northern elephant 
seal 

California 17,060 4,276 0 18,208 4,302 0 18,277 4,303 0 

*ESA-listed species (all stocks) within the HSTT Study Area. ✝Only designated stocks are ESA-listed.  
1NSD = No stock designation.  
PTS = permanent threshold shift; TTS = temporary threshold shift. 
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E.4 ESTIMATED MARINE MAMMAL IMPACTS PER 5-YEAR PERIOD FROM SONAR AND OTHER 

TRANSDUCERS UNDER NAVY TESTING ACTIVITIES 

Table E-4 provides a summary of the estimated number of marine mammal impacts from exposure to 
sonar and other transducers used during Navy testing activities under Alternatives 1 and 2 over the 
course of five years. 

Table E-4: Estimated Marine Mammals Impacts per 5-Year Period from Sonar Testing Activities 

Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Suborder Mysticeti (baleen whales) 

Family Balaenopteridae (rorquals) 

Blue whale* 

Central North 
Pacific 

28 37 0 29 38 0 

Eastern North 
Pacific 

1,842 2,135 0 1,904 2,171 0 

Bryde's whale 

Eastern Tropical 
Pacific 

31 38 0 32 38 0 

Hawaiian 74 120 0 76 121 0 

Fin whale* 

California, 
Oregon, & 
Washington 

1,791 2,870 0 1,885 2,926 0 

Hawaiian 35 39 0 36 39 0 

Humpback whale✝ 

California, 
Oregon, & 

Washington✝ 
1,238 2,231 0 1,293 2,261 0 

Central North 
Pacific 

5,768 10,838 0 5,960 10,916 0 

Minke whale 

California, 
Oregon, & 
Washington 

562 737 0 589 746 0 

Hawaiian 2,347 4,486 0 2,418 4,536 0 

Sei whale* 

Eastern North 
Pacific 

54 70 0 57 70 0 

Hawaiian 90 139 0 93 141 0 

Family Eschrichtiidae 

Gray whale✝ 

Eastern North 
Pacific 

3,608 5,517 3 3,708 5,605 3 

Western North 

Pacific✝ 
4 7 0 4 7 0 

Suborder Odontoceti (toothed whales) 

Family Physeteridae (sperm whale) 

Sperm whale* 

California, 
Oregon, & 
Washington 

5,208 44 0 5,407 44 0 

Hawaiian 3,700 31 0 3,806 31 0 



Hawaii-Southern California  
Training and Testing Final EIS/OEIS  October 2018 

E-15 
 Appendix E Navy Estimated Impacts 

Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Family Kogiidae (sperm whales) 

Dwarf sperm 
whale 

Hawaiian 12,772 16,929 42 13,208 17,059 42 

Pygmy sperm 
whale 

Hawaiian 5,174 6,737 18 5,348 6,792 18 

Kogia whales 
California, 
Oregon, & 
Washington 

6,379 7,920 24 6,854 8,075 24 

Family Ziphiidae (beaked whales) 

Baird's beaked 
whale 

California, 
Oregon, & 
Washington 

3,400 18 0 3,646 18 0 

Blainville's 
beaked whale 

Hawaiian 8,098 19 0 8,313 19 0 

Cuvier's beaked 
whale 

California, 
Oregon, & 
Washington 

20,852 60 0 22,137 61 0 

Hawaiian 2,670 5 0 2,751 5 0 

Longman's 
beaked whale 

Hawaiian 29,640 103 0 30,396 104 0 

Mesoplodon spp 
(beaked whale 
guild) 

California, 
Oregon, & 
Washington 

11,228 32 0 11,920 33 0 

Family Delphinidae (dolphins) 

Bottlenose 
dolphin 

California Coastal 7,802 164 0 7,806 164 0 

California, 
Oregon, & 
Washington 
Offshore 

109,203 3,106 0 113,511 3,123 0 

Hawaiian Pelagic 5,834 179 0 5,923 180 0 

Kauai & Niihau 2,069 92 0 2,072 92 0 

Oahu 2,218 76 0 2,293 76 0 

4-Island 736 33 0 982 33 0 

Hawaii 172 14 0 173 14 0 

False killer whale✝ 

Hawaii Pelagic 1,560 62 0 1,591 62 0 

Main Hawaiian 

Islands Insular✝ 
866 26 0 881 26 0 

Northwestern 
Hawaiian Islands 

571 23 0 582 23 0 

Fraser's dolphin Hawaiian 58,632 1,673 0 59,837 1,683 0 
 

Killer whale 
Eastern North 
Pacific Offshore 

163 3 0 169 3 0 
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Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

 Eastern North 
Pacific 
Transient/West 
Coast Transient 

303 6 0 313 6 0 

Hawaiian 189 9 0 193 10 0 

Long-beaked 
common dolphin 

California 546,154 21,403 0 566,667 21,426 0 

Melon-headed 
whale 

Hawaiian Islands 5,271 152 0 5,466 154 0 

Kohala Resident 759 36 0 767 36 0 

Northern right 
whale dolphin 

California, 
Oregon, & 
Washington 

192,644 6,132 0 199,615 6,168 0 

Pacific white-
sided dolphin 

California, 
Oregon, & 
Washington 

146,709 4,191 0 152,185 4,218 0 

Pantropical 
spotted dolphin 

Hawaii Island 6,301 490 0 6,426 491 0 

Hawaii Pelagic 17,017 591 0 17,340 604 0 

Oahu 883 74 0 937 74 0 

4-Island 1,652 74 0 2,188 74 0 

Pygmy killer 
whale 

Hawaiian 12,586 419 0 12,887 427 0 

Tropical 1,295 56 0 1,361 56 0 

Risso's dolphin 

California, 
Oregon, & 
Washington 

232,439 7,945 0 240,360 7,982 0 

Hawaiian 12,995 492 0 13,289 499 0 

Rough-toothed 
dolphin 

Hawaiian 10,125 399 0 10,382 404 0 

NSD1 0 0 0 0 0 0 

Short-beaked 
common dolphin 

California, 
Oregon, & 
Washington 

2,582,358 88,389 0 2,694,739 89,093 0 

Short-finned pilot 
whale 

California, 
Oregon, & 
Washington 

4,168 272 0 4,315 272 0 

Hawaiian 20,261 484 0 20,762 490 0 

Spinner dolphin 

Hawaii Island 936 57 0 949 57 0 

Hawaii Pelagic 6,606 161 0 6,743 164 0 

Kauai & Niihau 6,340 190 0 6,356 190 0 

Oahu & 4-Island 1,306 65 0 1,572 65 0 

Striped dolphin 

California, 
Oregon, & 
Washington 

253,588 9,287 0 269,681 9,428 0 

Hawaiian 11,120 417 0 11,418 423 0 
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Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Family Phocoenidae (porpoises) 

Dall's porpoise 
California, 
Oregon, & 
Washington 

39,593 39,225 78 41,691 39,682 78 

Suborder Pinnipedia 

Family Otariidae (eared seals) 

California sea lion U.S. 233,207 4,542 4 237,668 4,544 4 

Guadalupe fur 
seal* 

Mexico 4,344 13 0 4,641 13 0 

Northern fur seal California 26,049 105 0 27,200 106 0 

Family Phocidae (true seals) 

Harbor seal California 6,211 4,945 0 6,394 4,957 0 

Hawaiian monk 
seal* 

Hawaiian 184 45 0 240 45 0 

Northern 
elephant seal 

California 86,031 20,431 0 90,843 20,675 0 

*ESA-listed species (all stocks) within the HSTT Study Area.  

✝Only designated stocks are ESA-listed.   
1NSD: No stock designation. PTS = permanent threshold shift; TTS = temporary threshold shift. 

E.5 ESTIMATED MARINE MAMMAL IMPACTS FROM AIR GUNS UNDER NAVY TRAINING 

ACTIVITIES 

There are no air gun activities under training; therefore, there would be no takes.  

E.6 ESTIMATED MARINE MAMMAL IMPACTS FROM AIR GUNS UNDER NAVY TESTING 

ACTIVITIES 

Table E-5 provides a summary of the estimated number of marine mammal impacts from exposure to air 
guns used during Navy testing activities under Alternatives 1 and 2 over the course of a year. Most 
species and stocks in the Study Area either do not occur in areas where air gun activities take place, or 
did not result in any estimated impact based on the quantitative analysis.
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Table E-5: Estimated Marine Mammals Impacts per Year from Air Gun Activities 

Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Suborder Mysticeti (baleen whales) 

Family Balaenopteridae (rorquals) 

Blue whale* Eastern North Pacific 1 0 0 1 0 0 1 0 0 

Family Eschrichtiidae 

Gray whale Eastern North Pacific 1 0 0 1 0 0 1 0 0 

Suborder Odontoceti (toothed whales) 

Family Kogiidae (sperm whales) 

Dwarf sperm whale Hawaiian 0 6 1 0 6 1 0 6 1 

Pygmy sperm whale Hawaiian 0 3 1 0 3 1 0 3 1 

Kogia whales 
California, Oregon, & 
Washington 

0 1 1 0 1 1 0 1 1 

Family Delphinidae (dolphins) 

Bottlenose dolphin 
California, Oregon, & 
Washington Offshore 

6 0 0 6 0 0 6 0 0 

Long-beaked common 
dolphin 

California 51 0 0 51 0 0 51 0 0 

Northern right whale 
dolphin 

California, Oregon, & 
Washington 

9 0 0 9 0 0 9 0 0 

Pacific white-sided 
dolphin 

California, Oregon, & 
Washington 

6 0 0 6 0 0 6 0 0 

Risso's dolphin 
California, Oregon, & 
Washington 

23 0 0 23 0 0 23 0 0 

Short-beaked common 
dolphin 

California, Oregon, & 
Washington 

198 2 1 198 2 1 198 2 1 

Family Phocoenidae (porpoises) 

Dall's porpoise 
California, Oregon, & 
Washington 

3 5 2 3 5 2 3 5 2 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Suborder Pinnipedia 

Family Otariidae (eared seals) 

California sea lion U.S. 6 0 0 6 0 0 6 0 0 

Northern fur seal California 1 0 0 1 0 0 1 0 0 

Family Phocidae (true seals) 

Harbor seal California 3 0 0 3 0 0 3 0 0 

Northern elephant 
seal 

California 9 2 0 9 2 0 9 2 0 

* ESA-listed species (all stocks) within the HSTT Study Area.  
Notes: PTS = permanent threshold shift; TTS = temporary threshold shift. 
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E.7 ESTIMATED MARINE MAMMAL IMPACTS PER 5-YEAR PERIOD FROM AIR GUNS UNDER 

NAVY TESTING ACTIVITIES 

Table E-6 provides a summary of the estimated number of marine mammal impacts from exposure to air 
guns used during Navy testing activities under Alternatives 1 and 2 over the course of five years. Most 
species or stock in the Study Area either do not occur in areas where air gun activities take place, or did 
not result in any estimated impact based on the quantitative analysis. 

Table E-6: Estimated Marine Mammals Impacts per 5-Year Period from Air Gun Activities 

Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Suborder Mysticeti (baleen whales) 

Family Balaenopteridae (rorquals) 

Blue whale* 
Eastern North 
Pacific 

3 0 0 3 0 0 

Family Eschrichtiidae 

Gray whale 
Eastern North 
Pacific 

6 0 0 6 0 0 

Suborder Odontoceti (toothed whales) 

Family Kogiidae (sperm whales) 

Dwarf sperm 
whale 

Hawaiian 0 29 6 0 29 6 

Pygmy sperm 
whale 

Hawaiian 0 13 3 0 13 3 

Kogia whales 
California, 
Oregon, & 
Washington 

0 4 3 0 4 3 

Family Delphinidae (dolphins) 

Bottlenose 
dolphin 

California, 
Oregon, & 
Washington 
Offshore 

31 0 0 31 0 0 

Long-beaked 
common dolphin 

California 254 0 0 254 0 0 

Northern right 
whale dolphin 

California, 
Oregon, & 
Washington 

44 0 0 44 0 0 

Pacific white-
sided dolphin 

California, 
Oregon, & 
Washington 

31 0 0 31 0 0 

Risso's dolphin 
California, 
Oregon, & 
Washington 

113 0 0 113 0 0 

Short-beaked 
common dolphin 

California, 
Oregon, & 
Washington 

992 10 7 992 10 7 
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Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Family Phocoenidae (porpoises) 

Dall's porpoise 
California, 
Oregon, & 
Washington 

14 26 10 14 26 10 

Suborder Pinnipedia 

Family Otariidae (eared seals) 

California sea lion U.S. 30 0 0 30 0 0 

Northern fur seal California 6 0 0 6 0 0 

Family Phocidae (true seals) 

Harbor seal California 16 0 0 16 0 0 

Northern 
elephant seal 

California 45 10 0 45 10 0 

* ESA-listed species (all stocks) within the HSTT Study Area.  
Notes: PTS = permanent threshold shift; TTS = temporary threshold shift. 

E.8 ESTIMATED MARINE MAMMAL IMPACTS FROM PILE DRIVING UNDER NAVY TRAINING 

ACTIVITIES 

Table E-7 provides a summary of the estimated number of marine mammal impacts from exposure to 
pile driving used during Navy training activities under Alternatives 1 and 2 over the course of a year. Pile 
driving only occurs in the Southern California region of the Study Area, therefore species or stocks that 
occur near or around Hawaii would not be impacted. Most species or stocks in the Study Area either do 
not occur in areas where pile driving activities take place, or did not result in any estimated impact 
based on the quantitative analysis.
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Table E-7: Estimated Marine Mammals Impacts per Year from Pile Driving Activities 

Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Suborder Odontoceti (toothed whales) 

Family Delphinidae (dolphins) 

Bottlenose dolphin 

California Coastal 20 0 0 20 0 0 20 0 0 

California, Oregon, & 
Washington Offshore 

8 0 0 8 0 0 8 0 0 

Long-beaked common 
dolphin 

California 82 0 0 82 0 0 82 0 0 

Northern right whale 
dolphin 

California, Oregon, & 
Washington 

12 0 0 12 0 0 12 0 0 

Pacific white-sided 
dolphin 

California, Oregon, & 
Washington 

6 0 0 6 0 0 6 0 0 

Risso's dolphin 
California, Oregon, & 
Washington 

18 0 0 18 0 0 18 0 0 

Short-beaked common 
dolphin 

California, Oregon, & 
Washington 

238 0 0 238 0 0 238 0 0 

Striped dolphin 
California, Oregon, & 
Washington 

2 0 0 2 0 0 2 0 0 

Family Phocoenidae (porpoises) 

Dall's porpoise 
California, Oregon, & 
Washington 

2 2 0 2 2 0 2 2 0 

Suborder Pinnipedia 

Family Otariidae (eared seals) 

California sea lion U.S. 150 0 0 150 0 0 150 0 0 

Northern fur seal California 2 0 0 2 0 0 2 0 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Family Phocidae (true seals) 

Harbor seal California 2 0 0 2 0 0 2 0 0 

Northern elephant 
seal 

California 12 0 0 12 0 0 12 0 0 

Notes: PTS = permanent threshold shift; TTS = temporary threshold shift 
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E.9 ESTIMATED MARINE MAMMAL IMPACTS PER 5-YEAR PERIOD FROM PILE DRIVING UNDER 

NAVY TRAINING ACTIVITIES 

Table E-8 provides a summary of the estimated number of marine mammal impacts from exposure to 
pile driving used during Navy training activities under Alternatives 1 and 2 over the course of five years. 
Pile driving only occurs in the Southern California region of the Study Area, therefore species or stocks 
that occur near or around Hawaii would not be impacted. Most species or stocks in the Study Area 
either do not occur in areas where pile driving activities take place, or did not result in any estimated 
impact based on the quantitative analysis. 

Table E-8: Estimated Marine Mammals Impacts per 5-Year Period from Pile Driving Activities 

Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Suborder Odontoceti (toothed whales) 

Family Delphinidae (dolphins) 

Bottlenose 
dolphin 

California Coastal 100 0 0 100 0 0 

California, 
Oregon, & 
Washington 
Offshore 

40 0 0 40 0 0 

Long-beaked 
common dolphin 

California 410 0 0 410 0 0 

Northern right 
whale dolphin 

California, 
Oregon, & 
Washington 

60 0 0 60 0 0 

Pacific white-sided 
dolphin 

California, 
Oregon, & 
Washington 

30 0 0 30 0 0 

Risso's dolphin 
California, 
Oregon, & 
Washington 

90 0 0 90 0 0 

Short-beaked 
common dolphin 

California, 
Oregon, & 
Washington 

1190 0 0 1190 0 0 

Striped dolphin 
California, 
Oregon, & 
Washington 

10 0 0 10 0 0 

Family Phocoenidae (porpoises) 

Dall's porpoise 
California, 
Oregon, & 
Washington 

10 10 0 10 10 0 

Suborder Pinnipedia 

Family Otariidae (eared seals) 

California sea lion U.S. 750 0 0 750 0 0 

Northern fur seal California 10 0 0 10 0 0 
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Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS 
Behavioral 
Response 

TTS PTS 

Family Phocidae (true seals) 

Harbor seal California 10 0 0 10 0 0 

Northern elephant 
seal 

California 60 0 0 60 0 0 

Notes: PTS = permanent threshold shift; TTS = temporary threshold shift 

E.10 ESTIMATED MARINE MAMMAL IMPACTS FROM PILE DRIVING UNDER NAVY TESTING 

ACTIVITIES 

There are no pile driving activities under testing; therefore, there would be no takes. 

E.11 ESTIMATED MARINE MAMMAL IMPACTS FROM EXPLOSIVES UNDER NAVY TRAINING 

ACTIVITIES 

Table E-9 provides a summary of the estimated number of marine mammal impacts from exposure to 
explosives used during Navy training activities under Alternatives 1 and 2 over the course of a year. In 
addition to impacts listed in Table E-9, over the course of a year, the quantitative analysis estimates 
mortality of one short-beaked common dolphin and one California sea lion (a total of two marine 
mammals) as a result of exposure to explosive training activities.  
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Table E-9: Estimated Marine Mammals Impacts per Year from Explosive Training Activities 

Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Suborder Mysticeti (baleen whales) 

Family Balaenopteridae (rorquals) 

Blue whale* 

Central North 
Pacific 

0 0 0 0 0 0 0 0 0 0 0 0 

Eastern North 
Pacific 

0 8 1 0 0 8 1 0 0 8 1 0 

Bryde's whale 

Eastern 
Tropical Pacific 

0 1 0 0 0 1 0 0 0 1 0 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Fin whale* 

California, 
Oregon, & 
Washington 

0 7 0 0 0 7 0 0 0 7 0 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Humpback 

whale✝ 

California, 
Oregon, & 

Washington✝ 

0 14 1 0 0 14 1 0 0 14 1 0 

Central North 
Pacific 

0 21 1 0 0 22 1 0 0 22 1 0 

Minke whale 

California, 
Oregon, & 
Washington 

0 3 1 0 0 4 1 0 0 4 1 0 

Hawaiian 0 8 0 0 0 10 0 0 0 10 0 0 

Sei whale* 

Eastern North 
Pacific 

0 1 0 0 0 1 0 0 0 1 0 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Family Eschrichtiidae 

Gray whale✝ 
Eastern North 
Pacific 

0 56 3 0 0 56 3 0 0 56 3 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Western North 

Pacific✝ 
0 0 0 0 0 0 0 0 0 0 0 0 

Suborder Odontoceti (toothed whales) 

Family Physeteridae (sperm whale) 

Sperm 
whale* 

California, 
Oregon, & 
Washington 

2 1 0 0 2 1 0 0 2 1 0 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Family Kogiidae (sperm whales) 

Dwarf sperm 
whale 

Hawaiian 29 102 20 0 31 106 21 0 31 106 21 0 

Pygmy sperm 
whale 

Hawaiian 13 31 9 0 14 32 10 0 14 32 10 0 

Kogia whales 
California, 
Oregon, & 
Washington 

32 44 11 0 33 45 11 0 33 45 11 0 

Family Ziphiidae (beaked whales) 

Baird's 
beaked whale 

California, 
Oregon, & 
Washington 

0 0 0 0 0 0 0 0 0 0 0 0 

Blainville's 
beaked whale 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Cuvier's 
beaked whale 

California, 
Oregon, & 
Washington 

23 29 0 0 23 30 0 0 23 30 0 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Longman's 
beaked whale 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Mesoplodon 
spp (beaked 
whale guild) 

California, 
Oregon, & 
Washington 

13 16 0 0 13 16 0 0 13 16 0 0 

Family Delphinidae (dolphins) 

Bottlenose 
dolphin 

California 
Coastal 

0 0 0 0 0 0 0 0 0 0 0 0 

California, 
Oregon, & 
Washington 
Offshore 

6 12 2 0 6 12 2 0 6 12 2 0 

Hawaiian 
Pelagic 

0 1 0 0 0 1 0 0 0 1 0 0 

Kauai & Niihau 0 0 0 0 0 0 0 0 0 0 0 0 

Oahu 3 11 1 0 3 11 1 0 3 11 1 0 

4-Island 0 0 0 0 0 0 0 0 0 0 0 0 

Hawaii 0 0 0 0 0 0 0 0 0 0 0 0 

False killer 

whale✝ 

Hawaii Pelagic 0 0 0 0 0 0 0 0 0 0 0 0 

Main Hawaiian 

Islands Insular✝ 
0 1 0 0 0 1 0 0 0 1 0 0 

Northwestern 
Hawaiian 
Islands 

0 0 0 0 0 0 0 0 0 0 0 0 

Fraser's 
dolphin 

Hawaiian 3 5 1 0 3 5 1 0 3 5 1 0 

Killer whale 
Eastern North 
Pacific 
Offshore 

0 0 0 0 0 0 0 0 0 0 0 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Eastern North 
Pacific 
Transient/West 
Coast Transient 

0 0 0 0 0 0 0 0 0 0 0 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Long-beaked 
common 
dolphin 

California 27 43 13 1 27 43 13 1 27 43 13 1 

Melon-
headed 
whale 

Hawaiian 
Islands 

0 0 0 0 1 1 0 0 1 1 0 0 

Kohala 
Resident 

0 0 0 0 0 0 0 0 0 0 0 0 

Northern 
right whale 
dolphin 

California, 
Oregon, & 
Washington 

8 18 7 1 8 18 7 1 8 18 7 1 

Pacific white-
sided dolphin 

California, 
Oregon, & 
Washington 

4 13 3 0 4 13 3 0 4 13 3 0 

Pantropical 
spotted 
dolphin 

Hawaii Island 0 0 0 0 0 0 0 0 0 0 0 0 

Hawaii Pelagic 0 1 0 0 0 1 0 0 0 1 0 0 

Oahu 0 1 0 0 0 1 0 0 0 1 0 0 

4-Island 0 0 0 0 0 0 0 0 0 0 0 0 

Pygmy killer 
whale 

Hawaiian 0 1 0 0 0 1 0 0 0 1 0 0 

Tropical 0 0 0 0 0 0 0 0 0 0 0 0 

Risso's 
dolphin 

California, 
Oregon, & 
Washington 

8 27 6 0 8 27 6 0 8 27 6 0 

Hawaiian 0 0 0 0 0 1 0 0 0 1 0 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Rough-
toothed 
dolphin 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

NSD1 0 0 0 0 0 0 0 0 0 0 0 0 

Short-beaked 
common 
dolphin 

California, 
Oregon, & 
Washington 

47 139 38 6 50 142 38 6 50 142 38 6 

Short-finned 
pilot whale 

California, 
Oregon, & 
Washington 

0 0 1 0 0 0 1 0 0 0 1 0 

Hawaiian 1 2 0 0 1 2 0 0 1 2 0 0 

Spinner 
dolphin 

Hawaii Island 0 0 0 0 0 0 0 0 0 0 0 0 

Hawaii Pelagic 0 0 0 0 0 0 0 0 0 0 0 0 

Kauai & Niihau 0 0 0 0 0 0 0 0 0 0 0 0 

Oahu & 4-
Island 

1 3 1 0 1 3 1 0 1 3 1 0 

Striped 
dolphin 

California, 
Oregon, & 
Washington 

6 14 1 0 7 14 1 0 7 14 1 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Family Phocoenidae (porpoises) 

Dall's 
porpoise 

California, 
Oregon, & 
Washington 

150 329 73 0 150 331 73 0 150 331 73 0 

Suborder Pinnipedia 

Family Otariidae (eared seals) 

California sea 
lion 

U.S. 78 151 82 8 78 151 82 8 78 151 82 8 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Guadalupe 
fur seal* 

Mexico 0 0 0 0 0 0 0 0 0 0 0 0 

Northern fur 
seal 

California 0 0 0 0 0 0 0 0 0 0 0 0 

Family Phocidae (true seals) 

Harbor seal California 18 24 6 0 18 24 6 0 18 24 6 0 

Hawaiian 
monk seal* 

Hawaiian 0 3 1 0 0 3 1 0 0 3 1 0 

Northern 
elephant seal 

California 46 176 68 2 47 177 69 2 47 177 69 2 

* ESA-listed species (all stocks) within the HSTT Study Area.  

✝Only designated stocks are ESA-listed.   
1NSD = No stock designation 
Notes: PTS = permanent threshold shift; TTS = temporary threshold shift. 
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E.12 ESTIMATED MARINE MAMMAL IMPACTS PER 5-YEAR PERIOD FROM EXPLOSIVES UNDER 

NAVY TRAINING ACTIVITIES 

Table E-10 provides a summary of the estimated number of marine mammal impacts from exposure to 
explosives used during Navy training activities under Alternatives 1 and 2 over the course of five years. 
In addition to impacts listed in Table E-10, over the course of a 5-year period, the quantitative analysis 
estimates mortality of three short-beaked common dolphins and four California sea lions (a total of 
seven marine mammals) as a result of exposure to explosive training activities. 
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Table E-10: Estimated Marine Mammals Impacts per 5-Year Period from Explosive Training Activities 

Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Suborder Mysticeti (baleen whales) 

Family Balaenopteridae (rorquals) 

Blue whale* 
Central North Pacific 0 0 0 0 0 0 0 0 

Eastern North Pacific 0 38 3 0 0 40 3 0 

Bryde's whale 

Eastern Tropical 
Pacific 

0 3 0 0 0 3 0 0 

Hawaiian 0 0 0 0 0 0 0 0 

Fin whale* 

California, Oregon, & 
Washington 

0 33 0 0 0 34 0 0 

Hawaiian 0 0 0 0 0 0 0 0 

Humpback whale✝ 

California, Oregon, & 

Washington✝ 
0 66 3 0 0 67 3 0 

Central North Pacific 0 106 6 0 0 112 7 0 

Minke whale 

California, Oregon, & 
Washington 

0 16 4 0 0 17 4 0 

Hawaiian 0 41 0 0 0 51 0 0 

Sei whale* 
Eastern North Pacific 0 4 0 0 0 4 0 0 

Hawaiian 0 0 0 0 0 0 0 0 

Family Eschrichtiidae 

Gray whale✝ 

Eastern North Pacific 0 263 12 0 0 263 12 0 

Western North 

Pacific✝ 
0 0 0 0 0 0 0 0 

Suborder Odontoceti (toothed whales) 

Family Physeteridae (sperm whale) 

Sperm whale* 

California, Oregon, & 
Washington 

12 6 0 0 12 6 0 0 

Hawaiian 0 0 0 0 0 0 0 0 
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Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Family Kogiidae (sperm whales) 

Dwarf sperm whale Hawaiian 148 514 99 0 157 528 105 0 

Pygmy sperm whale Hawaiian 64 155 44 0 68 162 48 0 

Kogia whales 
California, Oregon, & 
Washington 

160 217 55 0 162 221 56 0 

Family Ziphiidae (beaked whales) 

Baird's beaked whale 
California, Oregon, & 
Washington 

0 0 0 0 0 0 0 0 

Blainville's beaked 
whale 

Hawaiian 0 0 0 0 0 0 0 0 

Cuvier's beaked whale 

California, Oregon, & 
Washington 

581 737 0 0 581 737 0 0 

Hawaiian 0 0 0 0 0 0 0 0 

Longman's beaked 
whale 

Hawaiian 0 0 0 0 0 0 0 0 

Mesoplodon spp 
(beaked whale guild) 

California, Oregon, & 
Washington 

313 397 0 0 313 397 0 0 

Family Delphinidae (dolphins) 

Bottlenose dolphin 

California Coastal 0 0 0 0 0 0 0 0 

California, Oregon, & 
Washington Offshore 

29 59 9 0 30 59 9 0 

Hawaiian Pelagic 0 4 0 0 0 4 0 0 

Kauai & Niihau 0 0 0 0 0 0 0 0 

Oahu 13 57 7 0 13 57 7 0 

4-Island 0 0 0 0 0 0 0 0 

Hawaii 0 0 0 0 0 0 0 0 

False killer whale✝ 

Hawaii Pelagic 0 0 0 0 0 0 0 0 

Main Hawaiian Islands 

Insular✝ 
0 3 0 0 0 3 0 0 
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Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Northwestern 
Hawaiian Islands 

0 0 0 0 0 0 0 0 

Fraser's dolphin Hawaiian 13 25 3 0 13 25 3 0 

Killer whale 

Eastern North Pacific 
Offshore 

0 0 0 0 0 0 0 0 

Eastern North Pacific 
Transient/West Coast 
Transient 

0 0 0 0 0 0 0 0 

Hawaiian 0 0 0 0 0 0 0 0 

Long-beaked common 
dolphin 

California 132 208 64 5 132 208 64 5 

Melon-headed whale 
Hawaiian Islands 2 2 0 0 4 4 0 0 

Kohala Resident 0 0 0 0 0 0 0 0 

Northern right whale 
dolphin 

California, Oregon, & 
Washington 

35 87 34 6 36 87 34 6 

Pacific white-sided 
dolphin 

California, Oregon, & 
Washington 

20 61 12 0 20 61 13 0 

Pantropical spotted 
dolphin 

Hawaii Island 0 0 0 0 0 0 0 0 

Hawaii Pelagic 0 4 0 0 0 4 0 0 

Oahu 0 5 0 0 0 5 0 0 

4-Island 0 0 0 0 0 0 0 0 

Pygmy killer whale 
Hawaiian 0 3 0 0 0 4 0 0 

Tropical 0 0 0 0 0 0 0 0 

Risso's dolphin 

California, Oregon, & 
Washington 

37 130 30 0 37 130 30 0 

Hawaiian 0 2 0 0 0 3 0 0 

Rough-toothed 
dolphin 

Hawaiian 0 0 0 0 0 0 0 0 

NSD1 0 0 0 0 0 0 0 0 
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Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Short-beaked common 
dolphin 

California, Oregon, & 
Washington 

232 687 183 27 245 697 186 28 

Short-finned pilot 
whale 

California, Oregon, & 
Washington 

0 0 5 0 0 0 5 0 

Hawaiian 6 10 0 0 6 10 0 0 

Spinner dolphin 

Hawaii Island 0 0 0 0 0 0 0 0 

Hawaii Pelagic 0 0 0 0 0 0 0 0 

Kauai & Niihau 0 0 0 0 0 0 0 0 

Oahu & 4-Island 4 16 5 0 4 16 5 0 

Striped dolphin 

California, Oregon, & 
Washington 

32 69 3 0 34 71 3 0 

Hawaiian 0 0 0 0 0 0 0 0 

Family Phocoenidae (porpoises) 

Dall's porpoise 
California, Oregon, & 
Washington 

730 1,617 356 0 732 1,622 357 0 

Suborder Pinnipedia 

Family Otariidae (eared seals) 

California sea lion U.S. 390 754 409 38 391 754 410 38 

Guadalupe fur seal* Mexico 0 0 0 0 0 0 0 0 

Northern fur seal California 0 0 0 0 0 0 0 0 

Family Phocidae (true seals) 

Harbor seal California 80 116 30 0 80 116 30 0 

Hawaiian monk seal* Hawaiian 0 15 3 0 0 15 3 0 

Northern elephant 
seal 

California 225 877 338 8 228 882 343 8 

*ESA-listed species (all stocks) within the HSTT Study Area.  
✝Only designated stocks are ESA-listed.  
1NSD: No stock designation.  
Notes: PTS: permanent threshold shift; TTS: temporary threshold shift. 
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E.13 ESTIMATED MARINE MAMMAL IMPACTS FROM EXPLOSIVES UNDER NAVY TESTING 

ACTIVITIES 

Table E-11 provides a summary of the estimated number of marine mammal impacts from exposure to 
explosives used during Navy testing activities under Alternatives 1 and 2 over the course of a year. In 
addition to impacts listed in Table E-11 over the course of a year, the quantitative analysis estimates 
mortality of one short-beaked common dolphin as a result of exposure to explosive testing activities. 
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Table E-11: Estimated Marine Mammals Impacts per Year for Explosive Testing Activities 

Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Suborder Mysticeti (baleen whales) 

Family Balaenopteridae (rorquals) 

Blue whale* 

Central North 
Pacific 

0 0 0 0 0 0 0 0 0 0 0 0 

Eastern North 
Pacific 

0 5 0 0 0 5 0 0 0 5 0 0 

Bryde's 
whale 

Eastern 
Tropical Pacific 

0 0 0 0 0 0 0 0 0 0 0 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Fin whale* 

California, 
Oregon, & 
Washington 

0 7 1 0 0 7 1 0 0 7 1 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Humpback 

whale✝ 

California, 
Oregon, & 
Washington✝ 

0 7 0 0 0 9 0 0 0 9 0 0 

Central North 
Pacific 

0 37 2 0 0 37 2 0 0 37 2 0 

Minke 
whale 

California, 
Oregon, & 
Washington 

0 2 0 0 0 2 0 0 0 2 0 0 

Hawaiian 0 18 1 0 0 18 1 0 0 18 1 0 

Sei whale* 

Eastern North 
Pacific 

0 0 0 0 0 0 0 0 0 0 0 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Family Eschrichtiidae 

Gray whale✝ 
Eastern North 
Pacific 

0 29 1 0 0 30 1 0 0 30 1 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Western North 

Pacific✝ 
0 0 0 0 0 0 0 0 0 0 0 0 

Suborder Odontoceti (toothed whales) 

Family Physeteridae (sperm whale) 

Sperm 
whale* 

California, 
Oregon, & 
Washington 

0 1 0 0 0 2 0 0 0 2 0 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Family Kogiidae (sperm whales) 

Dwarf 
sperm 
whale 

Hawaiian 82 100 19 0 82 100 19 0 82 100 19 0 

Pygmy 
sperm 
whale 

Hawaiian 34 37 8 0 34 37 8 0 34 37 8 0 

Kogia 
whales 

California, 
Oregon, & 
Washington 

31 34 7 0 35 41 9 0 35 41 9 0 

Family Ziphiidae (beaked whales) 

Baird's 
beaked 
whale 

California, 
Oregon, & 
Washington 

0 0 0 0 0 0 0 0 0 0 0 0 

Blainville's 
beaked 
whale 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Cuvier's 
beaked 
whale 

California, 
Oregon, & 
Washington 

5 7 0 0 5 20 1 0 5 20 1 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Longman's 
beaked 
whale 

Hawaiian 0 1 0 0 0 1 0 0 0 1 0 0 

Mesoplodon 
spp (beaked 
whale guild) 

California, 
Oregon, & 
Washington 

3 4 0 0 3 11 1 0 3 11 1 0 

Family Delphinidae (dolphins) 

Bottlenose 
dolphin 

California 
Coastal 

1 0 0 0 1 0 0 0 1 0 0 0 

California, 
Oregon, & 
Washington 
Offshore 

7 6 1 0 7 7 1 0 7 7 1 0 

Hawaiian 
Pelagic 

0 0 0 0 0 0 0 0 0 0 0 0 

Kauai & Niihau 0 0 0 0 0 0 0 0 0 0 0 0 

Oahu 0 0 0 0 0 0 0 0 0 0 0 0 

4-Island 2 1 0 0 2 1 0 0 2 1 0 0 

Hawaii 0 0 0 0 0 0 0 0 0 0 0 0 

False killer 

whale✝ 

Hawaii Pelagic 0 0 0 0 0 0 0 0 0 0 0 0 

Main Hawaiian 

Islands Insular✝ 
0 0 0 0 0 0 0 0 0 0 0 0 

Northwestern 
Hawaiian 
Islands 

0 0 0 0 0 0 0 0 0 0 0 0 

Fraser's 
dolphin 

Hawaiian 3 5 1 0 3 5 1 0 3 5 1 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Killer whale 

Eastern North 
Pacific 
Offshore 

0 0 0 0 0 0 0 0 0 0 0 0 

Eastern North 
Pacific 
Transient/West 
Coast Transient 

0 0 0 0 0 0 0 0 0 0 0 0 

Hawaiian 0 0 0 0 0 0 0 0 0 0 0 0 

Long-
beaked 
common 
dolphin 

California 20 22 4 1 21 23 5 1 21 23 5 1 

Melon-
headed 
whale 

Hawaiian 
Islands 

0 0 0 0 0 0 0 0 0 0 0 0 

Kohala 
Resident 

0 0 0 0 0 0 0 0 0 0 0 0 

Northern 
right whale 
dolphin 

California, 
Oregon, & 
Washington 

11 9 3 0 11 9 3 0 11 9 3 0 

Pacific 
white-sided 
dolphin 

California, 
Oregon, & 
Washington 

6 7 2 0 7 8 2 0 7 8 2 0 

Pantropical 
spotted 
dolphin 

Hawaii Island 0 0 0 0 0 0 0 0 0 0 0 0 

Hawaii Pelagic 1 1 0 0 1 1 0 0 1 1 0 0 

Oahu 0 0 0 0 0 0 0 0 0 0 0 0 

4-Island 1 1 0 0 1 1 0 0 1 1 0 0 

Pygmy killer 
whale 

Hawaiian 0 1 0 0 0 1 0 0 0 1 0 0 

Tropical 0 0 0 0 0 0 0 0 0 0 0 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Risso's 
dolphin 

California, 
Oregon, & 
Washington 

16 13 3 0 16 15 3 0 16 15 3 0 

Hawaiian 1 1 0 0 1 1 0 0 1 1 0 0 

Rough-
toothed 
dolphin 

Hawaiian 1 1 0 0 1 1 0 0 1 1 0 0 

NSD1 0 0 0 0 0 0 0 0 0 0 0 0 

Short-
beaked 
common 
dolphin 

California, 
Oregon, & 
Washington 

156 174 37 4 163 188 39 4 163 187 39 4 

Short-finned 
pilot whale 

California, 
Oregon, & 
Washington 

0 0 0 0 0 0 0 0 0 0 0 0 

Hawaiian 2 1 0 0 2 1 0 0 2 1 0 0 

Spinner 
dolphin 

Hawaii Island 0 0 0 0 0 0 0 0 0 0 0 0 

Hawaii Pelagic 1 0 0 0 1 0 0 0 1 0 0 0 

Kauai & Niihau 0 0 0 0 0 0 0 0 0 0 0 0 

Oahu & 4-
Island 

2 2 0 0 2 2 0 0 2 2 0 0 

Striped 
dolphin 

California, 
Oregon, & 
Washington 

8 11 2 0 9 12 2 0 9 12 2 0 

Hawaiian 1 1 0 0 1 1 0 0 1 1 0 0 

Family Phocoenidae (porpoises) 

Dall's 
porpoise 

California, 
Oregon, & 
Washington 

280 254 48 0 300 289 53 0 300 289 53 0 
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Species Stock 

Alternative 1 – Minimum Alternative 1 – Maximum Alternative 2 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Suborder Pinnipedia 

Family Otariidae (eared seals) 

California 
sea lion 

U.S. 11 7 3 0 11 9 4 1 11 9 4 1 

Guadalupe 
fur seal* 

Mexico 0 0 0 0 0 0 0 0 0 0 0 0 

Northern 
fur seal 

California 1 1 1 0 1 1 1 0 1 1 1 0 

Family Phocidae (true seals) 

Harbor seal California 9 8 1 0 9 8 1 0 9 8 1 0 

Hawaiian 
monk seal* 

Hawaiian 3 3 0 0 3 3 0 0 3 3 0 0 

Northern 
elephant 
seal 

California 54 98 25 0 58 123 27 0 58 122 27 0 

* ESA-listed species (all stocks) within the HSTT Study Area.  

✝Only designated stocks are ESA-listed.   
1NSD = No stock designation 
Notes: PTS = permanent threshold shift; TTS = temporary threshold shift. 
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E.14 ESTIMATED MARINE MAMMAL IMPACTS PER 5-YEAR PERIOD FROM EXPLOSIVES UNDER 

NAVY TESTING ACTIVITIES 

Table E-12 provides a summary of the estimated number of marine mammal impacts from exposure to 
explosives used during Navy testing activities under Alternatives 1 and 2 over the course of five years. In 
addition to impacts listed in Table E-12, over the course of a 5-year period, the quantitative analysis 
estimates mortality of three short-beaked common dolphins as a result of exposure to explosive testing 
activities. 
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Table E-12: Estimated Marine Mammals Impacts per 5-Year Period from Explosive Testing Activities 

Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Suborder Mysticeti (baleen whales) 

Family Balaenopteridae (rorquals) 

Blue whale* 
Central North Pacific 0 0 0 0 0 0 0 0 

Eastern North Pacific 0 25 0 0 0 27 0 0 

Bryde's whale 

Eastern Tropical 
Pacific 

0 0 0 0 0 0 0 0 

Hawaiian 0 0 0 0 0 0 0 0 

Fin whale* 

California, Oregon, & 
Washington 

0 34 3 0 0 34 3 0 

Hawaiian 0 0 0 0 0 0 0 0 

Humpback whale✝ 

California, Oregon, & 

Washington✝ 
0 39 0 0 0 42 0 0 

Central North Pacific 0 171 11 0 0 171 11 0 

Minke whale 

California, Oregon, & 
Washington 

0 10 0 0 0 11 0 0 

Hawaiian 0 85 4 0 0 85 4 0 

Sei whale* 
Eastern North Pacific 0 0 0 0 0 0 0 0 

Hawaiian 0 0 0 0 0 0 0 0 

Family Eschrichtiidae 

Gray whale✝ 
Eastern North Pacific 0 146 4 0 0 152 4 0 

Western North Pacific✝ 0 0 0 0 0 0 0 0 

Suborder Odontoceti (toothed whales) 

Family Physeteridae (sperm whale) 

Sperm whale* 

California, Oregon, & 
Washington 

0 7 0 0 0 8 0 0 

Hawaiian 0 0 0 0 0 0 0 0 

Family Kogiidae (sperm whales) 



Hawaii-Southern California 
Training and Testing Final EIS/OEIS  October 2018 

E-46 
 Appendix E Navy Estimated Impacts 

Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Dwarf sperm whale Hawaiian 392 485 92 0 392 485 92 0 

Pygmy sperm whale Hawaiian 166 180 39 0 166 180 39 0 

Kogia whales 
California, Oregon, & 
Washington 

157 183 40 0 173 205 45 0 

Family Ziphiidae (beaked whales) 

Baird's beaked whale 
California, Oregon, & 
Washington 

0 0 0 0 0 0 0 0 

Blainville's beaked 
whale 

Hawaiian 0 0 0 0 0 0 0 0 

Cuvier's beaked whale 

California, Oregon, & 
Washington 

130 337 20 0 130 496 33 0 

Hawaiian 0 0 0 0 0 0 0 0 

Longman's beaked 
whale 

Hawaiian 0 3 0 0 0 3 0 0 

Mesoplodon spp 
(beaked whale guild) 

California, Oregon, & 
Washington 

70 182 11 0 70 267 18 0 

Family Delphinidae (dolphins) 

Bottlenose dolphin 

California Coastal 2 0 0 0 2 0 0 0 

California, Oregon, & 
Washington Offshore 

37 33 4 0 37 35 4 0 

Hawaiian Pelagic 0 0 0 0 0 0 0 0 

Kauai & Niihau 0 0 0 0 0 0 0 0 

Oahu 0 0 0 0 0 0 0 0 

4-Island 6 3 0 0 6 3 0 0 

Hawaii 0 0 0 0 0 0 0 0 

False killer whale✝ 

Hawaii Pelagic 0 0 0 0 0 0 0 0 

Main Hawaiian Islands 
Insular✝ 

0 0 0 0 0 0 0 0 

Northwestern 
Hawaiian Islands 

0 0 0 0 0 0 0 0 
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Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Fraser's dolphin Hawaiian 15 25 6 0 15 25 6 0 

Killer whale 

Eastern North Pacific 
Offshore 

0 0 0 0 0 0 0 0 

Eastern North Pacific 
Transient/West Coast 
Transient 

0 0 0 0 0 0 0 0 

Hawaiian 0 0 0 0 0 0 0 0 

Long-beaked common 
dolphin 

California 99 110 21 3 103 117 23 3 

Melon-headed whale 
Hawaiian Islands 0 0 0 0 0 0 0 0 

Kohala Resident 0 0 0 0 0 0 0 0 

Northern right whale 
dolphin 

California, Oregon, & 
Washington 

53 44 15 0 53 46 16 0 

Pacific white-sided 
dolphin 

California, Oregon, & 
Washington 

31 38 8 0 33 41 10 0 

Pantropical spotted 
dolphin 

Hawaii Island 0 0 0 0 0 0 0 0 

Hawaii Pelagic 3 4 0 0 3 4 0 0 

Oahu 0 0 0 0 0 0 0 0 

4-Island 5 3 0 0 5 3 0 0 

Pygmy killer whale 
Hawaiian 0 3 0 0 0 3 0 0 

Tropical 0 0 0 0 0 0 0 0 

Risso's dolphin 

California, Oregon, & 
Washington 

78 71 16 0 80 77 17 0 

Hawaiian 4 4 0 0 4 4 0 0 

Rough-toothed 
dolphin 

Hawaiian 4 4 0 0 4 4 0 0 

NSD1 0 0 0 0 0 0 0 0 

Short-beaked common 
dolphin 

California, Oregon, & 
Washington 

786 896 188 21 813 936 194 21 
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Species Stock 

Alternative 1 – 5-Year Alternative 2 – 5-Year 

Behavioral 
Response 

TTS PTS Injury 
Behavioral 
Response 

TTS PTS Injury 

Short-finned pilot 
whale 

California, Oregon, & 
Washington 

0 0 0 0 0 0 0 0 

Hawaiian 8 4 0 0 8 4 0 0 

Spinner dolphin 

Hawaii Island 0 0 0 0 0 0 0 0 

Hawaii Pelagic 3 0 0 0 3 0 0 0 

Kauai & Niihau 0 0 0 0 0 0 0 0 

Oahu & 4-Island 10 8 0 0 10 8 0 0 

Striped dolphin 

California, Oregon, & 
Washington 

42 56 11 0 45 62 11 0 

Hawaiian 4 5 0 0 4 5 0 0 

Family Phocoenidae (porpoises) 

Dall's porpoise 
California, Oregon, & 
Washington 

1,421 1,332 250 0 1,499 1,443 264 0 

Suborder Pinnipedia 

Family Otariidae (eared seals) 

California sea lion U.S. 53 38 17 2 53 47 20 3 

Guadalupe fur seal* Mexico 0 0 0 0 0 0 0 0 

Northern fur seal California 4 4 4 0 5 5 4 0 

Family Phocidae (true seals) 

Harbor seal California 47 39 7 0 47 42 7 0 

Hawaiian monk seal* Hawaiian 11 14 0 0 11 14 0 0 

Northern elephant 
seal 

California 275 551 131 0 291 610 135 0 

* ESA-listed species (all stocks) within the HSTT Study Area.  

✝Only designated stocks are ESA-listed.  
1NSD: No stock designation.  
Notes: PTS = permanent threshold shift; TTS = temporary threshold shift. 
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E.15 ESTIMATED SEA TURTLE IMPACTS FROM SONAR AND OTHER TRANSDUCERS UNDER 

NAVY TRAINING AND TESTING ACTIVITIES 

Based on the quantitative analysis, no sea turtle impacts are anticipated from exposure to sonar and 
other transducers used during Navy training and testing activities under Alternatives 1 and 2 over the 
course of a year or five years. 

E.16 ESTIMATED SEA TURTLE IMPACTS FROM AIR GUNS UNDER NAVY TRAINING AND 

TESTING ACTIVITIES 

There are no air gun activities under training; therefore, there would be no takes. No sea turtle impacts 
are anticipated from exposure to air guns used during Navy testing activities under Alternatives 1 and 2 
over the course of a year and over the course of five years.  

E.17 ESTIMATED SEA TURTLE IMPACTS FROM PILE DRIVING UNDER NAVY TRAINING AND 

TESTING ACTIVITIES 

There are no pile driving activities under testing; therefore, there would be no takes. No sea turtle 
impacts are anticipated from exposure to pile driving used during Navy training activities under 
Alternatives 1 and 2 over the course of a year and over the course of five years.  

E.18 ESTIMATED SEA TURTLE IMPACTS FROM EXPLOSIVES UNDER NAVY TRAINING AND 

TESTING ACTIVITIES 

Table E-13 provides a summary of the estimated number of sea turtle impacts from exposure to 
explosives used during Navy training and testing activities under Alternatives 1 and 2 over the course of 
a year. 

Table E-13: Estimated Sea Turtle Impacts per Year from Explosive Training and Testing Activities 

Species 

Alternative 1 – 
Minimum 

Alternative 1 – 
Maximum 

Alternative 2 

TTS PTS Injury TTS PTS Injury TTS PTS Injury 

Explosive Training Activities 

Family Cheloniidae (hardshell turtles) 

Green turtle* 20 7 1 20 7 1 20 7 1 

Hawksbill turtle* 0 0 0 0 0 0 0 0 0 

Loggerhead turtle* 0 0 0 0 0 0 0 0 0 

Olive ridley turtle* 0 0 0 0 0 0 0 0 0 

Family Dermochelyidae (scuteless turtles) 

Leatherback turtle* 0 0 0 0 0 0 0 0 0 

Explosive Testing Activities 

Family Cheloniidae (hardshell turtles) 

Green turtle* 0 0 0 0 0 0 0 0 0 

Hawksbill turtle* 0 0 0 0 0 0 0 0 0 

Loggerhead turtle* 0 0 0 0 0 0 0 0 0 
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Species 

Alternative 1 – 
Minimum 

Alternative 1 – 
Maximum 

Alternative 2 

TTS PTS Injury TTS PTS Injury TTS PTS Injury 

Olive ridley turtle* 0 0 0 0 0 0 0 0 0 

Family Dermochelyidae (scuteless turtles) 

Leatherback turtle* 0 0 0 0 0 0 0 0 0 

*ESA-listed species within the HSTT Study Area. PTS: permanent threshold shift; TTS: temporary 
threshold shift. 

E.19 ESTIMATED SEA TURTLE IMPACTS PER 5-YEAR PERIOD FROM EXPLOSIVES UNDER NAVY 

TRAINING AND TESTING ACTIVITIES 

Table E-14 provides a summary of the estimated number of sea turtle impacts from exposure to 
explosives used during Navy training and testing activities under Alternatives 1 and 2 per 5-year period. 

Table E-14: Estimated Sea Turtle Impacts per 5-Year Period from Explosive Training and 
Testing Activities 

Species 
Alternative 1 – 5-Year Alternative 2 – 5-Year 

TTS PTS Injury TTS PTS Injury 

Explosive Training Activities 

Family Cheloniidae (hardshell turtles) 

Green turtle* 98 35 3 98 35 3 

Hawksbill turtle* 0 0 0 0 0 0 

Loggerhead turtle* 0 0 0 0 0 0 

Olive ridley turtle* 0 0 0 0 0 0 

Family Dermochelyidae (scuteless turtles) 

Leatherback turtle* 0 0 0 0 0 0 

Explosive Testing Activities 

Family Cheloniidae (hardshell turtles) 

Green turtle* 0 0 0 0 0 0 

Hawksbill turtle* 0 0 0 0 0 0 

Loggerhead turtle* 0 0 0 0 0 0 

Olive ridley turtle* 0 0 0 0 0 0 

Family Dermochelyidae (scuteless turtles) 

Leatherback turtle* 0 0 0 0 0 0 

*ESA-listed species within the HSTT Study Area. PTS = permanent threshold shift; TTS = temporary 
threshold shift. 
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APPENDIX F MILITARY EXPENDED MATERIAL AND DIRECT 
STRIKE IMPACT ANALYSES 

F.1 ESTIMATING THE IMPACT OF MILITARY EXPENDED MATERIALS AND 
UNDERWATER EXPLOSIONS ON ABIOTIC SUBSTRATES AS A HABITAT FOR 
BIOLOGICAL RESOURCES 

This section discusses the methods and results for quantifying two scenarios under Alternative 1 and 

Alternative 2 of the Proposed Action: (1) the highly improbable worst-case scenario of all military 

expended materials or underwater explosions occurring on one particular substrate type; and (2) the 

unlikely, but slightly more realistic, scenario of uniform or proportional impact distribution within a 

particular area. Training and testing typically occurs in areas that are not called out or linked to specific 

activities for various reasons (e.g., flexibility and national security). Because training and testing 

activities would not be conducted under the No Action Alternative, it will not be discussed in 

this appendix.  

This section describes the calculation of the disturbance footprint (i.e., military expended material 

footprint or explosive crater footprint) of an instantaneous impact of military expended materials or 

explosions on the substrate. The actual instantaneous impact on the bottom will depend on the number 

and location of military expended materials expended and not recovered, which is likely much lower and 

more concentrated than either scenario being analyzed. Longer-term impacts on the bottom are far 

more difficult to quantify—refer to the Habitats section (3.5) of Chapter 3 (Affected Environment and 

Environmental Consequences) for qualitative discussion. 

The analysis requires two data elements: (1) a tabular summary of the military expended material or 

crater (underwater explosions) footprints expected in training and testing areas; and (2) a tabular 

summary of analysis dimensions, which includes abiotic substrate areas. The data for (1) comes from the 

Hawaii and Southern California Training and Testing (HSTT) action proponents and represents the most 

locational flexibility with regard to expenditure of military expended materials and underwater 

explosions. The data for both expended and recovered material is reported in Table F-1 through Table 

F-16 below. Appendix A (Navy Activity Descriptions) of the HSTT Environmental Impact Statement 

(EIS)/Overseas Environmental Impact Statement (OEIS) provides basic descriptions of military expended 

materials, and Chapter 3.0 (3.0.3.3.2, Explosive Stressors) provides basic descriptions of explosive 

categories. The data for number of military expended materials and underwater explosions are then 

multiplied by an estimate of the footprint size documented in Table F-1. The data for (2) comes from a 

compilation of abiotic substrate mapping presented in the Habitats section of Chapter 3 (Section 3.5). 

To determine the potential level of disturbance of military expended materials on marine substrates, it 

was assumed that the impact footprint of the expended material on the seafloor is twice the size of its 

footprint (unless specified otherwise in Appendix F notes). By doubling the footprint, the results should 

more accurately reflect the potential disturbance to soft bottom habitats (i.e., to account for sediment 

plumes), but should overestimate disturbance to hard bottom habitats (i.e., because sediment plumes 

are not expected) based on mitigation requirements. Items with casings (e.g., small-, medium-, and 

large-caliber munitions; flares; sonobuoys) have their impact footprints further doubled to account for 

both the item and its casing. To be conservative, items and their casings were assumed to be the same 

size, although in reality the items are a smaller size in order to fit in their casing.  
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Additionally, highly explosive munitions that explode either at the surface or in the water column were 

treated in the same manner as non-explosive practice munitions, although in reality, the explosions 

would result in smaller fragments reaching the substrate than expected by the fully intact non-explosive 

practice munitions.  

The data for analysis dimensions (data element 2) comes from the Aquatic Habitat Database technical 

report and supporting databases (Building and Maintaining a Comprehensive Database and Prioritization 

Scheme for Overlapping Habitat Data, (U.S. Department of the Navy, 2016)), in addition to spatial data 

depicting training and testing areas.  

The combined analysis dimensions data was used to create a table of substrate category acreage by 

training and testing areas, and large marine ecosystems. Within the HSTT Study Area there are acreages 

of substrate that are included under Protective Measures Assessment Protocol categories from the 

Phase II HSTT EIS/OEIS. These Protective Measures Assessment Protocol categories indicate the amount 

of mapped substrate that may be protected by Navy mitigation measures. However, the Protective 

Measures Assessment Protocol areas were not excluded from the quantitative impacts analysis due to 

how Protective Measures Assessment Protocol is implemented. For more information on the substrates 

protected under the Protective Measures Assessment Protocol see Chapter 5 (Mitigation).  

The percentage of impacted substrate (Scenario 1) was calculated by totaling the impact footprint of 

individual activities divided by the total area of a given substrate in the training or testing area for which 

the impacts could occur. The results are provided in Table F-17 through Table F-26.  

Assumptions used in the Scenario 1 analysis included: 

 Areas of unknown substrate type were not included in the analysis. 

 The analysis focused on substrates that are likely to have habitat for sedentary benthic 
organisms; therefore, areas that are not likely to have substrate inhabited by these 
organisms (i.e., the Pacific Basin and Abyssal Zone open ocean areas) were excluded from 
the analysis.  

 Artificial substrate was removed from the analysis because it was inconsistently mapped or 
mapped with a degree of uncertainty considered too high for quantitative analysis. 

The above assumptions also applied to Scenario 2 (Proportional Impacts), which used the proportion of 

a substrate type in an analysis dimension (i.e., training or testing area) multiplied by the total military 

expended material or crater footprints. The resulting acres indicated the impact area expected if the 

military expended materials or bottom explosions were distributed uniformly across the training or 

testing area. In other words, a majority proportion of the military expended material footprint would 

impact soft substrate if the majority of the analysis dimension was soft substrate. The results are 

provided in Table F-27 through Table F-30. This scenario is considered more realistic than Scenario 1, yet 

still unlikely as it does not account for areas of concentrated training, nor does it account for the 

clumping of military expended materials and explosives in a particular area and over a particular 

substrate type where a training or testing activity occurs.
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Table F-1: Categories and Footprints for Various Materials and Underwater Explosions 

Material Group Material Category 
Bottom 

Frequency1 

Crater 

Footprint 

(ft.2) 

MEM Size  

(ft.2) 

MEM 

Footprint 

(ft.2) 

Material Specific Notes 

Bomb 

Bombs (Explosive) NA NA 8.1203 112.9048 The MEM footprint was calculated using the bomb with the 

largest footprint in terms of material fragments, which in 

this case is the Rockeye which disperses 247 bomblets. 
Bombs (Non-

explosive) 
NA NA 8.1203 112.9048 

Countermeasure 

Acoustic 

Countermeasures 
NA NA 0.31107 1.2432 

Includes all type of non-recoverable Acoustic 

Countermeasures  

Chaff- Air Cartridge NA NA 0.0012 0.0022 

Chaff is a radar reflector material made of thin, narrow, 

metallic strips cut in various lengths to elicit frequency 

responses, which deceive enemy radars. Chaff-Air is fired 

from an aircraft using a small cartridge. 

Chaff-Ship 

Cartridge 
NA NA 2.000 4.000 

Chaff-ship serves the same purpose of chaff-air. It is fired 

from a ship in cartridges.  

Anti-torpedo 

Torpedo 
NA NA 4.5424 9.0847 

The Countermeasure Anti-torpedo consists of an anti-

torpedo torpedo enclosed within All Up Round Equipment 

canister. The anti-torpedo torpedo is a 6.75-inch diameter 

high-maneuverability hard-kill torpedo designed to rapidly 

intercept and engage an incoming threat torpedo. The All 

Up Round Equipment consists of a nose sabot, ram plate, 

launch tube, muzzle cover, and breech mechanism to 

encapsulate, protect, and ultimately launch the anti-

torpedo torpedo. Anti-torpedo torpedo s are frequently 

recovered; assume all are non-recoverable for worst-case. 

Explosive Charge 

Flares NA NA 1.2196 4.8782 Assumed to not have parachutes 

0.5 lb. explosive 

charges 
50% 12 NA NA None 

10 lb. explosive 

charges 
50% 85 NA NA None 
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Table F-1: Categories and Footprints for Various Materials and Underwater Explosions (continued) 

Material Group Material Category 
Bottom 

Frequency1 

Crater 

Footprint 

(ft.2) 

MEM Size  

(ft.2) 

MEM 

Footprint 

(ft.2) 

Material Specific Notes 

Explosive Charge 

(continued) 

20 lb. explosive 

charges 
50% 135 NA NA None 

5 lb. explosive 

charges 
50% 54 NA NA None 

60 lb. explosive 

charges 
50% 281 NA NA None 

Missiles 

Missiles (Explosive) NA NA 37.3669 74.7338 MEM size based on SM-6  

Missile (Non-

explosive) 
NA NA 31.0011 62.0023 MEM size based on Tomahawk  

Rockets (Explosive) NA NA 0.7987 1.5974 MEM sized based on Hydra 70 

Rockets (Non-

explosive) 
NA NA 0.7987 1.5974 

MEM size based on Hydra 70. Also include flechette 

rockets.  

Rockets (Non-

explosive): 

Flechette 

NA NA 0.7987 1.5974 
MEM size based on Hydra 70. Included flechette darts in 

warhead. 

Other 

Air-launched 

lightweight 

(Explosive) torpedo 

NA NA 19.1199 38.2399 MEM size based on MK50/MK54 

Air-launched 

lightweight (Non-

explosive) torpedo 

NA NA 19.1199 38.2399 MEM size based on MK50/MK54. Typically recovered 

AMNS/EMNS 

Neutralizer 

(Explosive) 

50% 430.5564 1.6286 3.2572 AMNS is air deployed whereas EMNS is ship deployed 
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Table F-1: Categories and Footprints for Various Materials and Underwater Explosions (continued) 

Material Group Material Category 
Bottom 

Frequency1 

Crater 

Footprint 

(ft.2) 

MEM Size  

(ft.2) 

MEM 

Footprint 

(ft.2) 

Material Specific Notes 

Other 

(continued) 

AMNS Neutralizer 
(Non-explosive) 

NA NA 0.1513 0.3026 

The neutralizer itself is recovered, but the associated fiber 

optic cable and the can that holds the fiber optic cable is 

not. 

Anchor 

(Expendable) 
NA NA 6.2495 12.5001 Associated primarily with mine shapes.  

Anchor 

(Recoverable) 
NA NA 6.2495 12.5001 Associated primarily with mine shapes. 

Biodegradable 

Polymer 
NA NA NA NA 

A substance composed of molecules that degrade as a 

result of microorganisms and/or enzymes. Footprint is not 

applicable because the material breaks up within a couple 

of hours, depending on the type of material out of which 

the polymer is made. Reference: Karlsson and Albertsson. 

1998. Biodegradable polymers and environmental 

interaction. Polymer Engineering and Science 38(8): 1251-

1253. 

Bottom Placed 

Instruments 
NA NA 2.0000 4.000 

Likely moored tracking beacons, so the footprint on the 

bottom would be approximately 2 square feet. It would 

weight approximately 50 pounds. 

Buoy (Explosive) NA NA 0.9752 3.8987 
Explosive buoys including mini-sound source and SUS. 

MEM-size based on Marine Marker. 

Buoy (Non-

explosive) 
NA NA 0.9752 3.8987 

These buoys are separate from sonobuoys, and are 

included for DWADS (expendable) or IMPASS (recovered). 

MEM size based on Marine Marker. Can be expended or 

recovered.  

Concrete slugs NA NA 0.0011 0.0022 Assume similar in dimensions to a chaff cartridge 
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Table F-1: Categories and Footprints for Various Materials and Underwater Explosions (continued) 

Material Group Material Category 
Bottom 

Frequency1 

Crater 

Footprint 

(ft.2) 

MEM Size  

(ft.2) 

MEM 

Footprint 

(ft.2) 

Material Specific Notes 

Other 

(continued) 

Endcaps & Pistons 

– Non Chaff & 

Flare 

NA NA 0.0043 0.0086 

Applies only to where it cannot be associated to another 

object (e.g., endcaps and pistons associated with chaff 

would be covered by 'chaff'). Used for testing.  

Endcaps – Chaff & 

Flare 
NA NA 0.00215 0.0043 

Applies only to Chaff-Air and Flares. 1 Endcap is expended 

per chaff-air or flare.  

Flare O-Ring NA NA 0.0043 0.0086 

Assumed similar 2-dimensional footprint as endcaps and 

pistons. Associated with flares. Assumed 1 Flare O-Ring 

per flare.  

Fiber Optic Can NA NA 0.0011 0.0022 

Assumed similar 2-dimensional footprint as chaff-air 

cartridge. Associated with AMNS Neutralizer fiber optic 

cable. Can that holds fiber optic cable is expended.  

Bathythermograph 

– Expended 
NA NA 0.0258 0.0516 

An instrument that is deployed from a ship to record 

temperature and depth measurements. Small wires 

transmit the temperature data from the probe to the ship. 

This item is fairly standard in terms of footprint; these are 

off the shelf Commercial products. Reference: NOAA 2015. 

http://www.aoml.noaa.gov/goos/uot/xbt-what-is.php. 

Accessed November 3, 2015. 

Fiber optic cables NA NA NA NA Associated with some rockets and AMNS neutralizers 

Guidance wires NA NA 0 0 

Fragments created for relatively small portion associated 

with explosive devices (associated with heavyweight 

torpedoes). 

Bathythermograph 

– Expended Wire 
NA NA NA NA Single vertical wire 

Heavyweight 

(Explosive) torpedo 
NA NA 39.6155 79.2299 MEM size based on MK-48 
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Table F-1: Categories and Footprints for Various Materials and Underwater Explosions (continued) 

Material Group Material Category 
Bottom 

Frequency1 

Crater 

Footprint 

(ft.2) 

MEM Size  

(ft.2) 

MEM 

Footprint 

(ft.2) 

Material Specific Notes 

Other 

(continued) 

Heavyweight 

torpedo 

accessories 

NA NA 0.1615 3.2367 MEM includes ballast weights, flex tubing 

Heavyweight (Non-

explosive) torpedo 
NA NA NA NA Typically recovered 

Illumination flares NA NA 1.2196 4.8782 

Flares that have a large parachute; MEM size based on half 

the surface area of an 18 ft. diameter parachute used with 

an LUU-2 illumination flare. 

Lightweight 

Torpedo 

Accessories 

NA NA 1.0107 2.0215 
MEM includes ballast weights, flex tubing (parachute size 

not included) 

Marine marker   0.9752 3.8987 
MEM footprint based on two Navy marine markers (MK25 

and MK58  

Mine (Explosive) 50% 14,800.3763 25.7903 51.5806 
Another name for a 650 lb. explosive charge including 

material based on the footprint of a mine shape. 

Parachute (Large) NA NA 283.9961 567.9932 
MEM size based on diameter of LUU-2 illumination flare 

parachute (18 ft. diameter). 

Parachute 

(Medium) 
NA NA 9.0417 18.0834 Associated with air-launched torpedoes 

Small Decelerator/ 

Parachute 
NA NA 2.8438 5.6876 Associated with launched sonobuoys 

Sabot NA NA 1.2195 4.8782 
An accessory used during projectile firing. Footprint similar 

in size to the projectile. 
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Table F-1: Categories and Footprints for Various Materials and Underwater Explosions (continued) 

Material Group Material Category 
Bottom 

Frequency1 

Crater 

Footprint 

(ft.2) 

MEM Size  

(ft.2) 

MEM 

Footprint 

(ft.2) 

Material Specific Notes 

Other 

(continued) 

Sonobuoys 
(Non-explosive) 

NA NA 1.2206 2.4413 
Sonobuoys have an extra item footprint (half the 

dimensions of the sonobuoy) added in addition to the 

actual sonobuoy and casing to account for the items that 

are discarded from the sonobuoy following its release. 

MEM size does not include the associated Small 

Decelerator/Parachute (noted in table above) 

Sonobuoys 

(Explosive) 
0 NA 1.2206 2.4413 

Sonobuoy wires NA NA NA NA One wire is associated with each sonobuoy  

Surface-Launched 

Lightweight 

(Explosive) 

Torpedo 

0 NA 10.0782 20.1576 MEM size based on MK50/MK54 

Surface-Launched 

Lightweight (Non-

Explosive) Torpedo 

NA NA 10.0782 20.1576 Typically recovered 

Projectile 

Grenades 

(Explosive) 
0 NA 0.1044 0.2088 None 

Large Caliber 

(Explosive) 
NA NA 1.0097 4.0386 Item assumed to have a projectile and casing  

Large Caliber  
(Non-explosive) 

NA NA 1.0097 4.0386 Item assumed to have a projectile and casing  

Large caliber 

(Casing only) 
NA NA 0.5048 1.0097 Used when the target is on land; no MEM from projectile 

Medium Caliber 

(Explosive) 
NA NA 0.0560 0.2239 Item assumed to have a projectile and casing  

Medium Caliber  
(Non-explosive) 

NA NA 0.0560 0.2239 Item assumed to have a projectile and casing  

Small Caliber 
 (Non-explosive) 

NA NA 0.0301 0.1216 Item assumed to have a projectile and casing  
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Table F-1: Categories and Footprints for Various Materials and Underwater Explosions (continued) 

Material Group Material Category 
Bottom 

Frequency1 

Crater 

Footprint 

(ft.2) 

MEM Size  

(ft.2) 

MEM 

Footprint 

(ft.2) 

Material Specific Notes 

Projectile 

Small Caliber 
(Casing only) 

NA NA 0.0151 0.0301 
Used only for small caliber 'blanks'. All other small caliber 

rounds are included under NEPM 

Kinetic Energy 
Round 

NA NA 0.5048 1.0097 
Item assumed to only have a projectile (no casing) - size of 

Large Caliber round. 

Target 

Aerial Drones – 

Expendable  
NA NA 294.6082 589.2164 

MEM when specifically known it is an aerial drone; MEM 

size based on Firebee  

Aerial Drones – 

Recovered  
NA NA 294.6082 589.2164 

MEM when specifically known it is an aerial drone; MEM 

size based on Firebee. Typically recovered.  

Air Target – 

Expended (Non-

Drone) 

NA NA 42.1622 84.3244 

MEM when specifically known it is an air launched decoy. 

MEM size based on dimensions of Tactical Air Launched 

Decoy or Miniature Air-Launched Decoy.  

Metal Plates NA NA 2.7782 5.5563 

Charges are secured to a 20" X 20" X 1/2" ferrous metal 

plate The target unit (concrete blocks, metal plate, and any 

debris) is brought to the surface and analyzed. 

Surface Target - 

Expended 
NA NA 5.7522 11.5034 Includes remote controlled or towed targets 

Surface Target - 

Recovered 
NA NA NA NA Reported as recovered. 

Surface Target 

(Mobile) - 

Expended 

NA* NA 5.7522 11.5034 Includes remote controlled or towed targets 

Surface Target 

(Stationary) - 

Expended 

NA NA 96.8752 193.7504 
MEM when specifically known it is a stationary surface 

target. MEM size based on Killer Tomato.  

Subsurface Target 

(Mobile) - 

Expended 

NA NA 1.2206 2.4412 
MEM when specifically known it is a sub-surface Motorized 

Autonomous Target 
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Table F-1: Categories and Footprints for Various Materials and Underwater Explosions (continued) 

Material Group Material Category 
Bottom 

Frequency1 

Crater 

Footprint 

(ft.2) 

MEM Size  

(ft.2) 

MEM 

Footprint 

(ft.2) 

Material Specific Notes 

Target 

Surface Target 

(Stationary) - 

Expended 

NA NA 96.8752 193.7504 
MEM when specifically known it is a stationary surface 

target. MEM size based on Killer Tomato.  

 

Subsurface Target 

(Mobile) - 

Expended 

NA NA 1.2206 2.4412 
MEM when specifically known it is a sub-surface Motorized 

Autonomous Target 

 
Mine Shape - 

Expended 
NA NA 25.7903 51.5807 

Mine shapes that were specifically identified as 

non-recoverable; footprint based on size of explosive mine; 

size not including anchor 

 
Mine Shape - 

Expended 
NA  NA 25.7903 51.5807 

Mine shape and associated anchor block that are 

recovered. The vast majority of practice mines have built-in 

anchors for placing on the bottom; relatively few are 

moored/floating, and none are drifting. 

 Ship Hulk NA NA 316,136.0367 632,272.0734  None.  
1Bottom frequencies (%) are only listed for underwater explosions; crater footprints are only listed for material that may be detonated on the bottom.  

Notes: MEM = Military Expended Materials; AMNS/EMNS = Airborne Mine Neutralization System/Expendable Mine Neutralization System 
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F.1.1 MILITARY EXPENDED AND RECOVERED MATERIAL – TRAINING ACTIVITIES 
Tables F-2 through F-8 show military expended and recovered materials and impact footprints within 

the HSTT Study Area for both a Single Year and Five Year totals. 
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Table F-2: Number and Impacts1 of Military Expended Materials Proposed for Use During Training Activities in a Single Year under 

Alternatives 1 and 2 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex HSTT Transit Lane 
Southern California Range 

Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Bombs                 

Bombs (Explosive) 8.1203 112.9048 328 0.8502 0 0.0000 341 0.8839 

Bombs (Non-Explosive) 8.1203 112.9048 2,862 7.4181 90 0.2333 12 0.0311 

Projectiles                 

Grenade (explosive) 0.1044 0.2088 400 0.0019 200 0.0010 1,140 0.0055 

Large-Caliber Land Based (Casing) 0.5048 1.0097 0 0.0000 0 0.0000 4,950 0.1147 

Large-Caliber (Explosive) 1.0097 4.0386 2,500 0.2318 32 0.0030 5,684 0.5270 

Large-Caliber (Non-Explosive) 1.0097 4.0386 666 0.0617 384 0.0356 7,146 0.6625 

Medium-Caliber (Explosive) 0.056 0.2239 5,356 0.0275 200 0.0010 5,896 0.0303 

Medium Caliber (Non-Explosive) 0.056 0.2239 163,225 0.8390 43,600 0.2241 489,255 2.5148 

Missiles (Explosive) 37.6691 74.7338 146 0.2505 0 0.0000 267 0.4581 

Rockets (Explosive) 0.7987 1.5974 627 0.0230 0 0.0000 570 0.0209 

Rockets (Non-Explosive) 0.7987 1.5974 36 0.0013 0 0.0000 2,491 0.0913 

Rockets (Non-Explosive): Flechette 0.7987 1.5974 0 0.0000 0 0.0000 129 0.0047 

Small-Caliber (Non-Explosive) 0.0301 0.1216 415,850 1.1609 100,000 0.2792 3,741,000 10.4432 

Small-Caliber (Casing Only) 0.0151 0.0301 415,850 0.2874 100,000 0.0691 3,741,000 2.5850 

Countermeasures                 

Acoustic Countermeasures 0.3111 1.2432 972 0.0277 14 0.0004 346 0.0099 

Chaff (Air cartridge) 0.0011 0.0022 513 0.0000 0 0.0000 3,780 0.0002 

Chaff (ship cartridge) 2 4 74 0.0068 0 0.0000 250 0.0230 

Flares 1.2196 4.8782 1,482 0.1660 0 0.0000 8,184 0.9165 
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Table F-2: Number and Impacts1 of Military Expended Materials Proposed for Use During Training Activities in a Single Year under 

Alternatives 1 and 2 (continued) 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex HSTT Transit Lane 
Southern California Range 

Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Targets                 

Air Target - Expended (Decoy) 14.0216 28.0432 2,078 1.3378 30 0.0193 14 0.0090 

Air Target – Expended (Drone) 95.6400 191.2800 1 0.0044 0 0.000 1 0.0044 

Mine Shapes – (Non-Explosive) 25.7903 51.5807 21 0.0249 0 0.0000 104 0.1231 

Sub-Surface Targets (Stationary) - 
Expended 5.7522 11.5034 

40 0.0106 0 0.0000 72 0.0190 

Surface Targets (Mobile) - Expended 5.7522 11.5034 1,398 0.3692 134 0.0354 3,460 0.9137 

Other                 

AMNS/EMNS Neutralizer (Explosive) 1.6286 3.2572 6 0.0004 0 0.0000 32 0.0024 

Anchor (Expendable) 6.2495 12.5001 3 0.0009 0 0.0000 1 0.0003 

Bathythermograph - Expended 0.2777 0.5544 713 0.0091 7 0.0001 3,480 0.0444 

Canister 2.0000 4.0000 104 0.0096 0 0.0000 2,459 0.2258 

Compression Pad/Piston 0.0043 0.0086 1,482 0.0003 0 0.0000 8,184 0.0016 

Endcaps  0.0021 0.0043 2,057 0.0002 0 0.0000 11,968 0.0012 

Fiber Optic Can 0.0011 0.0022 6 0.0000 0 0.0000 32 0.0000 

Flare O-Ring 0.0043 0.0086 1,544 0.0003 0 0.0000 8,188 0.0016 

Heavyweight Torpedo (Explosive) 39.6155 79.2299 14 0.0255 0 0.0000 3 0.0055 

Heavyweight Torpedo Accessories 0.1615 3.2367 392 0.0291 0 0.0000 212 0.0158 

Illumination Flare 1.2196 4.8782 62 0.0069 0 0.0000 4 0.0004 

JATO Bottle 3.6061 7.2134 39 0.0065 0 0.0000 36 0.0060 

Lightweight Torpedo Accessories 1.1011 2.0215 48 0.0022 0 0.0000 189 0.0088 

Marine Marker 0.9752 3.8987 692 0.0619 11 0.0010 678 0.0607 
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Table F-2: Number and Impacts1 of Military Expended Materials Proposed for Use During Training Activities in a Single Year under 

Alternatives 1 and 2 (continued) 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex HSTT Transit Lane 
Southern California Range 

Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Other (continued)                 

Parachutes – Extra Large 5,026.50 10,053.09 3 0.6924 0 0.0000 0 0.0000 

Parachutes - Large 1,963.50 3,926.90 36 3.2454 0 0.0000 36 3.2454 

Parachutes - Medium 254.5 508.9 62 0.7243 0 0.0000 4 0.0467 

Ship Hulk  316,136 632,272 6 87.0898 0 0.0000 1 14.5150 

Total     1,021,367 104.1552 244,702 0.9024 8,051,258 37.6894 
1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 
Notes: HSTT = Hawaii and Southern California Training and Testing; AMNS/EMNS = Airborne Mine Neutralization System/Expendable Mine Neutralization System 
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Table F-3: Number and Impacts1 of Military Expended Materials Proposed for Use During Training Activities in a Single Year with 

Differences between Alternatives 1 and 2 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex HSTT Transit Lane 
Southern California Range 

Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Alternative 1 

Targets 

Subsurface Targets (Mobile) - 
Expended 

1.2206 2.4413 131 0.0073 45 0.0025 100 0.0056 

Surface Targets (Stationary)- 
Expended 

96.8752 193.7504 2,902 12.9078 495 2.2017 1,126 5.0083 

Total   3,033 12.9151 540 2.2042 1,226 5.0139 

Other                 

Buoy (Non-Explosive) 0.9752 3.8987 13 0.0012 0 0.0000 65 0.0058 

Small Decelerator/Parachute 9.0417 18.0834 11,020 4.5748 120 0.0498 23,574 9.7865 

Sonobuoys (Non-Explosive) 1.2207 2.4413 11,004 0.6167 120 0.0067 23,445 1.3140 

Total   22,037 5.1927 240 0.0565 47,084 11.1062 

Alternative 2 

Targets 

Subsurface Targets (Mobile) - 
Expended 

1.2206 2.4413 332 0.0186 182 0.0102 322 0.0180 

Surface Targets (Stationary)- 
Expended 

96.8752 193.7504 3,024 13.4504 507 2.2551 1,139 5.0662 

Total   3,356 13.4690 689 2.2653 1,461 5.0842 

Other                 

Buoy (Non-Explosive) 0.9752 3.8987 13 0.0012 0 0.0000 73 0.0065 

Small Decelerator/Parachute 9.0417 18.0834 11,020 4.5748 120 0.0498 24,386 10.1235 

Sonobuoys (Non-Explosive) 1.2207 2.4413 11,004 0.6167 120 0.0067 24,257 1.3595 

Total   22,037 5.1927 240 0.0565 48,716 11.4896 
1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 
Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2 
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Table F-4: Number and Impacts1 of Military Expended Materials Proposed for Use During Training Activities in Five Years under 

Alternatives 1 and 2 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex HSTT Transit Lane 
Southern California Range 

Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Bombs                 

Bombs (Non-Explosive) 8.1203 112.9048 14,310 37.0906 450 1.1664 60 0.1555 

Projectiles                 

Grenade (explosive) 0.1044 0.2088 2,000 0.0096 1,000 0.0048 5,700 0.0273 

Large-Caliber Land Based (Casing) 0.5048 1.0097 0 0.0000 0 0.0000 24,570 0.5737 

Medium-Caliber (Explosive) 0.056 0.2239 26,780 0.1377 1,000 0.0051 29,480 0.1515 

Medium Caliber (Non-Explosive) 0.056 0.2239 816,125 4.1949 218,000 1.1205 2,446,275 12.5739 

Rockets (Explosive) 0.7987 1.5974 3,135 0.1150 0 0.0000 2,850 0.1045 

Rockets (Non-Explosive) 0.7987 1.5974 36 0.0013 0 0.0000 36 0.0013 

Rockets (Non-Explosive): Flechette 0.7987 1.5974 0 0.0000 0 0.0000 645 0.0235 

Countermeasures                 

Chaff (Air cartridge) 0.0011 0.0022 2,565 0.0001 0 0.0000 18,900 0.0010 

Chaff (Ship cartridge) 2 4 370 0.0340 0 0.0000 1,250 0.1148 

Flares 1.2196 4.8782 7,410 0.8298 0 0.0000 40,920 4.5826 

Targets                 

Air Target - Expended (Decoy) 14.0216 28.0432 601 0.3869 65 0.0418 115 0.0740 

Air Target – Expended (Drone) 95.6400 191.2800 2,001 8.7868 0 0.0000 9 0.0410 

Mine Shapes – (Non-Explosive) 
Expended 

25.7903 51.5807 106 0.1255 0 0.0000 520 0.6157 

Sub-Surface Targets (Mobile) - Expended 1.2206 2.4413 1,498 0.0840 862 0.0483 1,371 0.0768 

Sub-Surface Targets (Stationary) - 
Expended 

5.7522 11.5034 200 0.0528 0 0.0000 361 0.0953 
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Table F-4: Number and Impacts1 of Military Expended Materials Proposed for Use During Training Activities in Five Years under 

Alternatives 1 and 2 (continued) 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex HSTT Transit Lane 
Southern California Range 

Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Targets (continued)                 

Surface Targets (Mobile) - Expended 5.7522 11.5034 6,986 1.8449 668 0.1764 17,293 4.5668 

Surface Targets (Stationary) - Expended 96.8752 193.7504 10,906 48.5088 12,607 56.0732 8,236 36.6329 

Other         

AMNS/EMNS Neutralizer (Explosive) 1.6286 3.2572 30 0.0022 0 0.0000 160 0.0120 

Anchor (Expendable) 6.2495 12.5001 15 0.0043 0 0.0000 5 0.0014 

Canister 2.0000 4.0000 520 0.0478 0 0.0000 12,295 1.1290 

Compression Pad/Piston 0.0043 0.0086 7,410 0.0015 0 0.0000 40,920 0.0081 

Endcaps  0.0021 0.0043 10,285 0.0010 0 0.0000 59,840 0.0059 

Fiber Optic Can 0.0011 0.0022 30 0.0000 0 0.0000 160 0.0000 

Flare O-Ring 0.0043 0.0086 7,720 0.0015 0 0.0000 40,940 0.0081 

Illumination Flare 1.2196 4.8782 310 0.0347 0 0.0000 20 0.0022 

JATO Bottle 3.6061 7.2134 195 0.0323 0 0.0000 180 0.0298 

Lightweight Torpedo Accessories 1.1011 2.0215 240 0.0111 0 0.0000 897 0.0416 

Marine Marker 0.9752 3.8987 3,460 0.3097 55 0.0049 3,390 0.3034 

Rockets (Non-Explosive) 0.7987 1.5974 180 0.0066 0 0.0000 180 0.0066 

Parachutes – Extra Large 5,026.50 10053.09 15 3.4618 0 0.0000 0 0.0000 

Parachutes - Large 1,963.50 3,926.90 180 16.2269 0 0.0000 180 16.2269 

Parachutes - Medium 254.5 508.9 310 3.6216 0 0.0000 20 0.2337 

Total     925,929 125.9656 234,707 58.6415 2,757,313 78.3974 

1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 

 Notes: AMNS/EMNS = Airborne Mine Neutralization System/Expendable Mine Neutralization System  
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Table F-5: Number and Impacts1 of Military Expended Materials Proposed for Use During Training Activities in Five Years with 

Differences between Alternatives 1 and 2 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex HSTT Transit Lane 
Southern California 

Range Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Alternative 1 

Countermeasures                 

Acoustic Countermeasures 0.3311 1.2432 4,757 0.1358 70 0.0020 1,580 0.0451 

Other                 

Bathythermograph - Expended 0.2771 0.5554 3,565 0.0455 35 0.0004 17,040 0.2173 

Bomb (Explosive)  8.1203 112.9048 1,496 3.8775 0 0.0000 1,661 4.3052 

Buoy (Non-Explosive) 0.9752 3.8987 51 0.0046 0 0.0000 271 0.0243 

Heavyweight Torpedo (Explosive) 39.6155 79.2299 38 0.0691 0 0.0000 7 0.0127 

Heavyweight Torpedo Accessories 0.1615 3.2367 1,928 0.1433 0 0.0000 524 0.0389 

Large-Caliber (Explosive) 1.0097 4.0386 12,180 1.1293 160 0.0148 28,340 2.6275 

Large-Caliber (Non-Explosive) 1.0097 4.0386 3,010 0.2791 1,920 0.1780 35,650 3.3052 

Missiles (Explosive) 37.6691 74.7338 698 1.1975 0 0.0000 1,327 2.2767 

Ship Hulk  316,136 632,272 14 203.2096 0 0.0000 1 14.5150 

Small Caliber casing 0.0151 0.0301 1,919,250 1.3262 500,000 0.3455 18,665,000 12.8975 

Small Decelerator/Parachute 2.8438 5.6876 45,678 18.9627 600 0.2491 110,958 46.0629 

Small-Caliber (Non-Explosive) 0.0301 0.1216 1,919,250 5.3577 500,000 1.3958 18,665,000 52.1043 

Sonobuoys (Non-Explosive) 1.2207 2.4413 45,598 2.5555 600 0.0336 110,313 6.1824 

Total     3,957,512 238.2932 1,003,385 2.2193 37,637,672 145 
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Table F-5: Number and Impacts1 of Military Expended Materials Proposed for Use During Training Activities in Five Years with 

Differences between Alternatives 1 and 2 (continued) 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex HSTT Transit Lane 
Southern California 

Range Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Alternative 2 

Countermeasures                 

Acoustic Countermeasures 0.3311 1.2432 4,815 0.1374 70 0.0020 1,634 0.0466 

Other                 

Bathythermograph - Expended 0.2771 0.5554 3,565 0.0455 35 0.0004 17,400 0.2219 

Bomb (Explosive)  8.1203 112.9048 1,640 4.2508 0 0.0000 1,697 4.3985 

Buoy (Non-Explosive) 0.9752 3.8987 65 0.0058 0 0.0000 365 0.0327 

Heavyweight Torpedo (Explosive) 39.6155 79.2299 70 0.1273 0 0.0000 15 0.0273 

Heavyweight Torpedo Accessories 0.1615 3.2367 1,960 0.1456 0 0.0000 532 0.0395 

Large-Caliber (Explosive) 1.0097 4.0386 12,500 1.1589 160 0.0148 28,420 2.6349 

Large-Caliber (Non-Explosive) 1.0097 4.0386 3,330 0.3087 1,920 0.1780 35,730 3.3127 

Missiles (Explosive) 37.6691 74.7338 730 1.2524 0 0.0000 1,335 1.1474 

Ship Hulk  316,136 632,272 30 435.4491 0 0.0000 5 72.5748 

Small Caliber casing 0.0151 0.0301 2,079,250 1.4368 500,000 0.3455 18,705,000 12.9252 

Small Decelerator/Parachute 2.8438 5.6876 48,890 20.2961 600 0.2491 119,050 49.4221 

Small-Caliber (Non-Explosive) 0.0301 0.1216 2,079,250 5.8043 500,000 1.3958 18,705,000 52.2160 

Sonobuoys (Non-Explosive) 1.2207 2.4413 48,810 2.7355 600 0.0336 118,405 6.6360 

Total     4,284,904 473.1543 1,003,385 2.2193 37,734,588 205.6355 

1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2 
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Table F-6: Number and Impacts1 of Recovered Bottom-Placed Materials Proposed for Use During Training Activities in a Single 

Year under Alternatives 1 and 2 

Recovered Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex HSTT Transit Lane 
Southern California Range 

Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Anchors - Recovered 6.2495 12.5001 10 0 0 0 7 0 

Mine Shape (Recovered)  25.7903 51.5807 573 1 0 0 7,915 9 

Bottom Placed Instruments 2.0000 4.0000 4 0 0 0 6 0 

Total     587 0.6817 0 0.0000 7,928 9.3749 

1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2 
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Table F-7: Numbers of Recovered Materials Proposed for Use During Training Activities in Five Years under Alternatives 1 and 2 

Recovered Materials 
Hawaii Range Complex HSTT Transit Lane 

Southern California 
Range Complex 

Number Number Number 

Other 

Air-Launched Lightweight Non-Explosive Torpedo 80 0 645 

Heavyweight Non-Explosive Torpedo  1,890 0 517 

Surface-Launched Lightweight Torpedo (Non-Explosive) 160 0 252 

Targets 

Aerial Drones   39 0 36 

Air Target – Recovered Decoy 
 Alternative 1 

649 0 
178 

Alternative 2 189 

Subsurface Target (Stationary) Recovered 750 0 1,046 

Subsurface Target (Mobile) Recovered 995 0 959 

Surface Target (Stationary) Recovered   26,172 0 23,294 

Surface Target (Mobile) Recovered   865 3 5,629 

Total 31,567 3 32,793 

Note: AMNS/EMNS = Airborne Mine Neutralization System/Expendable Mine Neutralization System  
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Table F-8: Number and Impacts1 of Recovered Bottom-Placed materials Proposed for Use During Training Activities in Five Years 

under Alternatives 1 and 2 

Recovered Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex HSTT Transit Lane 
Southern California Range 

Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Anchors - Recovered 6.2495 12.5001 50 0.0143 0 0.0000 35 0.0100 

Mine Shape (Recovered)  25.7903 51.5807 929 1.1001 0 0.0000 7,375 8.7330 

Bottom Placed Instruments 2.0000 4.0000 20 0.0018 0 0.0000 30 0.0028 

Total     999 1.1162 0 0.0000 7,440 8.7457 

1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2 
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F.1.2 MILITARY EXPENDED AND RECOVERED MATERIALS – TESTING ACTIVITIES  
Tables F-9 through F-16 show military expended and recovered materials and impact footprints within 

the HSTT Study Area for both a Single Year and Five Year totals.
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Table F-9: Number and Impacts1 of Military Expended Materials Proposed for Use During Testing Activities in a Single Year under 

Alternatives 1 and 2 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex Southern California Range Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Bombs             

Bombs (Explosive) 8.1203 112.9048 2 0.0052 2 0.0052 

Bombs (Non-Explosive) 8.1203 112.9048 56 0.1451 114 0.2955 

Projectiles             

Kinetic Energy Round 0.5048 1.0097 7,400 0.1715 7,736 0.1793 

Large-Caliber (Explosive) 1.0097 4.0386 4,684 0.4342 4,744 0.4398 

Large-Caliber (Non-Explosive) 1.0097 4.0386 21,704 2.0123 21,854 2.0262 

Medium-Caliber (Explosive) 0.056 0.2239 15,365 0.0790 27,341 0.1405 

Medium Caliber (Non-Explosive) 0.056 0.2239 222,515 5.7187 302,461 7.5883 

Missiles (Non-Explosive) 31.0011 62.0023 278 0.3957 796 1.1330 

Missiles (Explosive) 37.6691 74.7228 395 0.6767 454 0.7779 

Rocket (Non-Explosive): Flechette 0.7987 1.5974 3 0.0001 33 0.0012 

Rockets (Explosive) 0.7987 1.5974 3 0.0001 203 0.0074 

Rockets (Non-Explosive) 0.7987 1.5974 7 0.0003 97 0.0036 

Sabot 0.5048 1.0097 7,400 0.1715 7,736 0.1793 

Small-Caliber (Non-Explosive) 0.0301 0.1216 44,100 0.1231 90,800 0.2535 

Small-Caliber Casing 0.0151 0.0301 44,100 0.0305 90,800 0.0628 

Countermeasures 

Acoustic Countermeasures 0.3311 1.2432 1,607 0.0459 1,612 0.0460 

Chaff - Air Cartridges 0.0011 0.0022 2,490 0.0001 4,660 0.0002 

Chaff - Ship Cartridges 2 4 902 0.0828 1,250 0.1148 

Flares 1.2196 4.8782 2,490 0.2789 4,260 0.4771 
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Table F-9: Number and Impacts1 of Military Expended Materials Proposed for Use During Testing Activities in a Single Year under 

Alternatives 1 and 2 (continued) 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex Southern California Range Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Targets 

Air Target – Expended Decoy 14.0216 28.0432 10 0.0064 40 0.0258 

Surface Targets 5.7522 11.5034 575 0.1518 1,134 0.2995 

Surface Target - Stationary 96.8752 193.7504 56 0.2491 5 0.0222 

Sub-Surface Targets - Mobile 1.2206 2.4413 295 0.0165 310 0.0174 

Mine Shapes (Non-Explosive) 25.7903 51.5807 1,384 1.6388 10,450 12.3742 

Other             

Air-Launched Lightweight Torpedo 
(Explosive) 

19.1199 38.2399 4 0.0035 4 0.0035 

Anchor - Expendable 6.2495 12.5001 852 0.1222 1,822 0.2614 

Anti-Torpedo Torpedo  4.524 9.0847 148 0.0309 148 0.0309 

Anti-Torpedo Torpedo Accessories 1.1011 2.0215 148 0.0069 148 0.0069 

Bathythermograph - Expended 0.2771 0.5554 1,156 0.0147 1,388 0.0177 

Buoy (Explosive) 0.9752 3.8987 567 0.0507 617 0.0552 

Compression Pads/Pistons 0.0043 0.0086 2,490 0.0005 4,260 0.0008 

Endcaps  0.0021 0.0043 4,980 0.0005 8,920 0.0009 

Flare O-Ring 0.0043 0.0086 2,490 0.0005 4,260 0.0008 

Heavyweight Torpedo (Explosive) 39.6155 79.2299 6 0.0109 6 0.0109 

Heavyweight Torpedo Accessories 0.1615 3.2367 231 0.0172 231 0.0172 

Lightweight Torpedo Accessories 1.1011 2.0215 283 0.0131 449 0.0208 

Sonobuoy (Explosive) 1.2207 2.4413 0 0.0000 72 0.0040 

Surface-Launched Lightweight Torpedo 
(Explosive) 

10.0782 20.1576 24 0.0111 24 0.0111 

Total     388,889 10.6609 589,341 14.1995 

1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 
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Table F-10: Number and Impacts1 of Military Expended Materials Proposed for Use During Testing Activities in a Single Year with 

Differences Between Alternatives 1 and 2 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex Southern California Range Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Alternative 1 

Targets 

Subsurface Targets (Mobile) - Expended 1.2206 2.4413 688 0.0386 719 0.0403 

Subsurface Targets (Stationary) - 
Expended 

5.7522 11.5034 1,243 0.3283 306 0.0808 

Surface Targets (Mobile) - Expended 5.7522 11.5034 799 0.2110 1,054 0.2783 

Surface Targets (Stationary) - Expended 96.8752 193.7504 1,151 5.1195 1,339 5.9557 

Other             

Anchor - Mine (Expendable) 6.2495 12.5001 0 0.0000 0 0.0000 

AMNS/EMNS Neutralizer (Explosive)  1.6286 3.2572 144 0.0108 434 0.0324 

Buoy (Non-Explosive)  0.97521 3.8987 403 0.0361 823 0.0737 

Fiber Optic Can 0.0011 0.0022 144 0.0000 434 0.0000 

Mine (Explosive)  25.7903 51.5807 0 0.0000 0 0.0000 

Mine Shape (Non-Explosive) 25.7903 51.5807 3 0.0036 42 0.0497 

Small Decelerator/Parachute 2.8438 5.6876 9,337 3.8761 15,929 6.6127 

Sonobuoys (Non-Explosive)  1.2207 2.4413 9,193 0.5152 15,696 0.8797 

Total     766,472 28.6663 1,180,110 39.4148 

1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 

Note: AMNS/EMNS = Airborne Mine Neutralization System/Expendable Mine Neutralization System; Blue shading indicates numbers and impacts of 

MEM that differ between Alternatives 1 and 2 
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Table F-10: Number and Impacts1 of Military Expended Materials Proposed for Use During Testing Activities in a Single Year with 

Differences Between Alternatives 1 and 2 (continued) 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

 Hawaii Range Complex Southern California Range Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Alternative 2 

Targets             

Subsurface Targets (Mobile) - Expended 1.2206 2.4413 725 0.0406 1,278 0.0716 

Subsurface Targets (Stationary) - 
Expended 

5.7522 11.5034 1,243 0.3283 277 0.0732 

Surface Targets (Mobile) - Expended 5.7522 11.5034 817 0.2158 1,073 0.2834 

Surface Targets (Stationary) - Expended 96.8752 193.7504 1,151 5.1195 3,240 14.4112 

Other 

Anchor - Mine (Expendable) 6.2495 12.5001 0 0.0000 6 0.0017 

AMNS/EMNS Neutralizer (Explosive)  1.6286 3.2572 144 0.0108 440 0.0329 

Buoy (Non-Explosive)  0.97521 3.8987 424 0.0379 853 0.0763 

Fiber Optic Can 0.0011 0.0022 144 0.0000 440 0.0000 

Mine (Explosive)  25.7903 51.5807 0 0.0000 6 0.0071 

Mine Shape (Non-Explosive) 25.7903 51.5807 3 0.0036 43 0.0509 

Small Decelerator/Parachute 2.8438 5.6876 9,647 4.0048 16,379 6.7995 

Sonobuoys (Non-Explosive)  1.2207 2.4413 9,503 0.5326 16,146 0.9049 

Total     23,801 10.2939 40,181 22.7128 
1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 

Note: AMNS/EMNS = Airborne Mine Neutralization System/Expendable Mine Neutralization System; Blue shading indicates numbers and impacts of 

MEM that differ between Alternatives 1 and 2 
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Table F-11: Number and Impacts1 of Military Expended Materials Proposed for Use During Testing in Five Years under  

Alternatives 1 and 2 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex Southern California Range Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Bombs             

Bomb (Explosive)  8.1203 112.9048 10 0.0259 10 0.0259 

Bombs (Non-Explosive) 8.1203 112.9048 280 0.7257 570 1.4774 

Projectiles             

Kinetic Energy Round 0.5048 1.0097 37,000 0.8576 38,680 0.8966 

Large-Caliber (Explosive) 1.0097 4.0386 23,418 2.1711 23,718 2.1989 

Large-Caliber (Non-Explosive) 1.0097 4.0386 108,520 10.0613 109,270 10.1308 

Sabot 1.2196 2.4413 37,000 0.8576 38,680 0.8965 

Small-Caliber (Non-Explosive) 0.0301 0.1216 220,500 0.6155 454,000 1.2674 

Small-Caliber Casing 0.0151 0.0301 220,500 0.1526 454,000 0.3141 

Countermeasures             

Chaff (Air cartridge) 0.0011 0.0022 12,450 0.0006 23,300 0.0012 

Chaff (Ship cartridge) 2 4 4,510 0.4141 6,250 0.5739 

Flares 1.2196 4.8782 12,450 1.3943 21,300 2.3853 

Targets             

Air Target - Expended Decoy 39.0407 78.0894 50 0.0322 200 0.1288 

Sub-Surface Targets (Mobile) - Expended 1.2206 2.4413 3,327 0.1865 6,295 0.3528 

Surface Target (Stationary): Expended 96.8752 193.7504 6,216 1.6415 1,386 0.3660 
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Table F-11: Number and Impacts1 of Military Expended Materials Proposed for Use During Testing in Five Years under Alternatives 

1 and 2 (continued) 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex Southern California Range Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Other             

Acoustic Countermeasures 0.3311 1.2423 7,510 0.2143 8,270 0.2360 

Air-Launched Lightweight Torpedo 
(Explosive) 

19.1199 39.2399 20 0.0176 20 0.0176 

Anti-Torpedo Torpedo 4.524 9.0847 715 0.1491 760 0.1585 

Anti-Torpedo Torpedo Accessories 1.1011 2.0215 715 0.0332 760 0.0353 

Buoy (Explosive) 0.9752 3.8987 2,835 0.2537 3,085 0.2761 

Compression Pad/Piston 0.0043 0.0086 12,450 0.0025 21,300 0.0042 

Endcaps  0.0021 0.0043 24,900 0.0025 44,600 0.0044 

Flare O-Ring 0.0043 0.0086 12,450 0.0025 21,300 0.0042 

Heavyweight Torpedo (Explosive) 39.6155 79.2299 30 0.0546 30 0.0546 

Heavyweight Torpedo Accessories 0.1615 3.2367 1,079 0.0802 1,154 0.0857 

Parachute – Extra Large 5026.50 10053.09 0 0.0000 0 0.0000 

Parachute - Large 1963.50 3926.90 0 0.0000 0 0.0000 

Sonobuoy (Explosive)  1.2207 2.4413 0 0.0000 360 0.0202 

Surface-Launched Lightweight Torpedo 
(Explosive)  

10.0782 20.1576 120 0.0555 120 0.0555 

Total   749,054 20.0021 1,279,417 21.9679 

1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 
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Table F-12: Number and Impacts1 of Military Expended Materials Proposed for Use During Testing Activities in Five Years with 

Differences between Alternatives 1 and 2 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex Southern California Range Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Alternative 1 

Projectiles             

Medium-Caliber (Explosive) 0.056 0.2239 76,825 0.3949 122,705 0.6307 

Medium Caliber (Non-Explosive) 0.056 0.2239 1,112,575 5.7187 1,476,305 7.5883 

Missile (Non-Explosive) 31.0011 62.0023 1,390 1.9785 3,940 5.6081 

Missiles (Explosive) 37.6691 74.7228 1,973 3.3836 2,244 3.8485 

Rockets (Explosive) 0.7987 1.5974 15 0.0006 815 0.0299 

Rockets (Non-Explosive): Flechette 0.7987 1.5974 12 0.0004 134 0.0049 

Rockets (Non-Explosive)  0.7987 1.5974 34 0.0012 400 0.0147 

Targets 

Aerial Drones 95.64 191.28 1,099 4.8237 5,575 24.4809 

Surface Targets (Mobile) - Expended 5.7522 11.5034 4,087 1.0793 5,221 1.3788 

Surface Targets (Stationary) - Expended 96.8752 193.7504 2,925 13.0083 15,812 70.3311 

Other 

Anchor - Mine (Expendable) 6.2495 12.5001 0 0.0000 0 0.0000 

Anchor - Other (Expendable) 3.1248 6.2495 3,835 0.5502 8,586 1.2318 

AMNS/EMNS Neutralizer (Explosive) 1.6286 3.2572 576 0.0431 2,009 0.1502 

Bathythermograph - Expended 0.2771 0.5554 5,765 0.0735 6,880 0.0877 

Buoy (Non-Explosive) 0.9752 3.8987 1,855 0.1660 3,980 0.3562 

Fiber Optic Can 0.0011 0.0022 576 0.0000 2,009 0.0001 

Lightweight Torpedo Accessories 1.1011 2.0215 1,316 0.0611 2,049 0.0951 

Mine (Explosive)  25.7903 51.5807 0 0.0000 0 0.0000 

Mine Shape (Non-Explosive)  25.7903 51.5807 17 0.0204 209 0.2475 
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Table F-12: Number and Impacts1 of Military Expended Materials Proposed for Use During Testing Activities in Five Years with 

Differences between Alternatives 1 and 2 (continued) 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex Southern California Range Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Other (continued) 

Parachute - Medium 254.50 508.90 705 8.2363 1,041 12.1617 

Small Decelerator/Parachute 9.0417 18.0834 44,231 18.3620 73,419 30.4790 

Sonobuoys (Non-Explosive) 1.2207 2.4413 43,526 2.4394 72,378 4.0564 

Total     1,303,335 60.3412 1,805,710 162.7815 

Alternative 2 

Projectiles             

Medium-Caliber (Explosive) 0.056 0.2239 76,825 0.3949 134,705 0.6924 

Medium Caliber (Non-Explosive) 0.056 0.2239 1,112,575 5.7184 1,512,305 7.7729 

Missile (Non-Explosive) 31.0011 62.0023 1,390 0.9048 3,964 2.5803 

Missiles (Explosive) 37.6691 74.7228 1,973 2.8076 2,268 3.2275 

Rockets (Explosive) 0.7987 1.5974 15 0.0006 1,015 0.0372 

Rockets (Non-Explosive): Flechette 0.7987 1.5974 12 0.0004 162 0.0059 

Rockets (Non-Explosive)  0.7987 1.5974 34 0.0012 484 0.0177 

Targets 

Aerial Drones 95.64 191.28 972 4.2693 6,074 26.6721 

Surface Targets (Mobile) - Expended 5.7522 11.5034 4,087 1.0793 5,225 1.3798 

Surface Targets (Stationary) - Expended 96.8752 193.7504 2,980 13.2538 15,861 70.5491 
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Table F-12: Number and Impacts1 of Military Expended Materials Proposed for Use During Testing Activities in Five Years with 

Differences between Alternatives 1 and 2 (continued) 

Military Expended Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex Southern California Range Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Other 

Anchor - Mine (Expendable) 6.2495 12.5001 0 0.0000 30 0.0086 

Anchor - Other (Expendable) 3.1248 6.2495 4,257 0.6107 9,110 1.3070 

AMNS/EMNS Neutralizer (Explosive) 1.6286 3.2572 576 0.0431 2,199 0.1644 

Bathythermograph - Expended 0.2771 0.5554 5,780 0.0737 6,940 0.0885 

Buoy (Non-Explosive) 0.9752 3.8987 2,060 0.1844 4,280 0.3831 

Fiber Optic Can 0.0011 0.0022 576 0.0000 2,199 0.0001 

Lightweight Torpedo Accessories 1.1011 2.0215 1,331 0.0618 2,157 0.1001 

Mine (Explosive)  25.7903 51.5807 0 0.0000 30 0.0355 

Mine Shape (Non-Explosive)  25.7903 51.5807 17 0.0204 214 0.2534 

Parachute - Medium 254.50 508.90 720 8.4116 1,149 13.4235 

Small Decelerator/Parachute 9.0417 18.0834 47,951 19.9063 81,595 33.8732 

Sonobuoys (Non-Explosive) 1.2207 2.4413 47,231 2.6470 80,446 4.5086 

Total     1,311,361 60.3893 1,872,411 167.0808 
1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560; AMNS/EMNS = Airborne Mine Neutralization System/Expendable Mine Neutralization 
System 
Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2 
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Table F-13: Number of Recovered Materials Proposed for Use During Testing Activities in a Single Year as Part of  

Alternatives 1 and 2 

Recovered Materials 

Hawaii Range 
Complex 

Southern California 
Range Complex 

Number Number 

Other   

Air-Launched Lightweight Torpedo (Non-Explosive) 128 217 

Heavyweight Torpedo (Non-explosive) 225 225 

Surface-Launched Lightweight Torpedo  
(Non-Explosive) 

136 218 

Targets    

Air Target – Recovered Decoy 0 1 

Sub-Surface Targets (Stationary) 
Alternative 1 

1,285 
395 

Alternative 2 367 

Sub-Surface Targets (Mobile) 
Alternative 1 485 2,518 

Alternative 2 538 3,080 

Surface Targets (Stationary) 
Alternative 1 212 4,102 

Alternative 2 200 4,154 

Surface Targets (Mobile) 
Alternative 1 709 1,158 

Alternative 2 691 1,139 

Total 4,609 17,574 
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Table F-14: Number and Impacts1 of Recovered Bottom Placed Materials Proposed for Use During Testing Activities in a Single 

Year as Part of Alternatives 1 and 2 

Recovered Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex 
Southern California Range 

Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Mine Shape (Recovered)  25.7903 51.5807 20 
0.0237 301 0.3564 

0.0000 1,317 1.5595 

Anchor (Recovered) 6.2495 12.5001 85 0.0244 425 0.1220 

Total     105 0.0481 2,043 2.0379 

1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 
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Table F-15: Number of Recovered Materials Proposed for Use During Testing Activities in Five Years as Part of Alternatives 1 and 2 

Recovered Materials 

Hawaii Range 
Complex 

Southern California 
Range Complex 

Number Number 

Other       

Air-Launched Lightweight 
Torpedo (Non-Explosive) 

Alternative 1 625 961 

Alternative 2 640 1,069 

Heavyweight Torpedo (Non-explosive) 1,049 1,124 

Surface-Launched Lightweight Torpedo (Non-Explosive) 596 1,018 

Targets        

Aerial Drone (Recovered) 
Alternative 1 2,207 3,420 

Alternative 2 1,828 3,426 

Air Target – Recovered Decoy 0 5 

Sub-Surface Targets (Stationary) 6,424 1,834 

Sub-Surface Targets (Mobile) 2,658 15,305 

Surface Targets (Mobile) 
Alternative 1 709 1,158 

Alternative 2 691 1,139 

Surface Targets (Stationary) 
Alternative 1 251 20,274 

Alternative 2 428 20,461 

Total  18,106 71,194 
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Table F-16: Number and Impacts1 of Recovered Bottom Placed materials Proposed for Use During Testing Activities in Five Years 

as part of Alternatives 1 and 2 

Recovered Materials 
Size 
(ft.2) 

Impact 
Footprint 

(ft.2) 

Hawaii Range Complex 
Southern California Range 

Complex 

Number 
Impact  
(Acre) 

Number 
Impact  
(Acre) 

Mine Shape (Recovered)  
Alternative 1 25.7903 51.5807 

98 0.1157 
6,557 7.7637 

Alternative 2 25.7903 51.5807 6,586 7.7990 

Anchor (Recovered)   6.2495 12.5001 7,000 2.0087 13,902 3.9893 
1Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 
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F.1.3 IMPACTS TO ABIOTIC SUBSTRATE – TRAINING AND TESTING  
Tables F-17 through F-30 show impact to abiotic substrate within the HSTT Study Area for both a Single 

Year and Five Year totals. 
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Table F-17: Impact from Explosives On or Near the Bottom for Training Activities in Alternative 1 and 2 in a Single Year 

Training Areas 
Net Explosive 

Weight 
 (lb.) 

Number 
of 

Charges 

Total Impact 
Footprint 

 (Acre) 

Hard Substrate Intermediate Substrate Soft substrate 

Acre 
%  

Impact 
Acre 

%  
Impact 

Acre 
%  

Impact 

Hawaii Range 
Complex 

0.5 2 0.0030 

2,053 

0.000144394 

0 

0.0000000 

1,607 

0.0001845 

20 618 10.3080 0.501994488 0.0000000 0.6415172 

29 6 0.2624 0.01277875 0.0000000 0.0163304 

60 1 0.0034 0.000165578 0.0000000 0.0002116 

AMNS/EMNS 
Neutralizer 

6 0.0297 0.001444069 0.0000000 0.0018454 

Total NA NA 10.6064 0.51652728 0.0000000 0.6600892 

Southern 
California Range 

Complex 

0.5 4 0.0059 

11,249 

0.000053 

16,413 

0.0000361 

2,770 

0.0002141 

5 16 0.1067 0.000949 0.0006501 0.0038518 

10 24 0.2520 0.002240 0.0015354 0.0090971 

20 637 10.6249 0.094452 0.0647342 0.3835558 

29 151 6.6045 0.058712 0.0402391 0.2384205 

60 36 1.2499 0.011111 0.0076152 0.0451210 

650 78 13.2510 0.117797 0.0807342 0.4783573 

AMNS/EMNS 
Neutralizer 

32 0.1581 0.001406 0.0009635 0.0057091 

Total NA NA 32.253078 0.286720 0.1965079 1.1643268 
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Table F-18: Impact from Explosives On or Near the Bottom for Testing Activities in Alternative 1 in a Single Year 

Training Areas 
Net Explosive 

Weight  
(lb.) 

Number of 
Charges 

Total Impact 
Footprint 

(Acre) 

Hard Substrate Intermediate Substrate Soft substrate 

Acre 
%  

Impact 
Acre 

%  
Impact 

Acre 
%  

Impact 

Hawaii Range 
Complex 

AMNS 
Neutralizer 

144 0.7117 
2,053 

0.034665 
0 

0.0000000 
1,607 

0.044285 

Total NA NA 0.7117 0.034665 0.0000000 0.044285 

Southern 
California Range 

Complex 

0.5 24 0.0035 

11,249 

0.000032 

16,413 

0.0000216 

2,770 

0.0001281 

650 90 15.2897 0.135921 0.0931553 0.5519538 

AMNS/EMNS 
Neutralizer 

434 2.1437 0.019057 0.0130609 0.0773870 

Total NA NA 17.4369 0.155009 0.1062379 0.6294688 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2; AMNS/EMNS = Airborne Mine Neutralization 
System/Expendable Mine Neutralization System 

Table F-19: Impact from Explosives On or Near the Bottom for Testing Activities in Alternative 2 in a Single Year 

Training Areas 
Net Explosive 

Weight  
(lb.) 

Number of 
Charges 

Total Impact 
Footprint 

(Acre) 

Hard Substrate Intermediate Substrate Soft substrate 

Acre 
%  

Impact 
Acre 

%  
Impact 

Acre 
%  

Impact 

Hawaii Range 
Complex 

AMNS 
Neutralizer 

144 0.7117 
2,053 

0.034665 
0 

0.0000000 
1,607 

0.044285 

Total NA NA 0.7117 0.034665 0.0000000 0.044285 

Southern 
California Range 

Complex 

5 24 0.1597 

11,249 

0.001420 

16,413 

0.0009731 

2,770 

0.0057660 

650 96 16.3090 0.144982 0.0993653 0.5887486 

AMNS/EMNS 
Neutralizer 

440 2.0328 0.018071 0.0123854 0.0733870 

Total NA NA 18.5015 0.164473 0.1127238 0.6679016 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2; AMNS/EMNS = Airborne Mine Neutralization 

System/Expendable Mine Neutralization System 
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Table F-20: Impact from Explosives On or Near the Bottom for Training Activities under Alternatives 1 and 2 Over Five Years 

Training Areas 
Net Explosive 

Weight 
 (lb.) 

Number 
of 

Charges 

Total Impact 
Footprint 

 (Acre) 

Hard Substrate Intermediate Substrate Soft substrate 

Acre 
%  

Impact 
Acre 

%  
Impact 

Acre 
%  

Impact 

Hawaii Range 
Complex 

0.5 10 0.0148 

2,053 

0.000720753 

0 

0.0000000 

1,607 

0.0009211 

20 3090 51.5400 2.509972441 0.0000000 3.2075861 

29 30 1.3100 0.06379635 0.0000000 0.0815277 

60 5 0.1736 0.008454234 0.0000000 0.0108040 

AMNS/EMNS 
Neutralizer 

30 0.1483 0.007222136 0.0000000 0.0092294 

Total NA NA 53.1867 2.59016591 0.0000000 3.3100683 

Southern 
California Range 

Complex 

0.5 20 0.0297 

11,249 

0.000264 

16,413 

0.0001810 

2,770 

0.0010722 

5 80 0.5337 0.004744 0.0032517 0.0192664 

10 120 1.2602 0.011203 0.0076780 0.0454929 

20 3185 53.1246 0.472262 0.3236715 1.9177828 

29 755 33.0224 0.293559 0.2011951 1.1920991 

60 150 5.2078 0.046296 0.0317295 0.1880001 

650 390 66.2551 0.588988 0.4036715 2.3917900 

AMNS/EMNS 
Neutralizer 

160 0.7907 0.007029 0.0048175 0.0285440 

Total NA NA 160.224200 1.424345 0.9761958 5.7840475 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2; AMNS/EMNS = Airborne Mine Neutralization 

System/Expendable Mine Neutralization System 
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Table F-21: Impact from Explosives On or Near the Bottom for Testing Activities under Alternative 1 Over Five Years 

Training Areas 
Net Explosive 

Weight  
(lb.) 

Number of 
Charges 

Total Impact 
Footprint 

(Acre) 

Hard Substrate Intermediate Substrate Soft substrate 

Acre 
%  

Impact 
Acre 

%  
Impact 

Acre 
%  

Impact 

Hawaii Range 
Complex 

AMNS 
Neutralizer 

576 2.8466 
2,053 

0.138658 
0 

0.0000000 
1,607 

0.177140 

Total NA NA 2.8466 0.138658 0.0000000 0.177140 

Southern 
California Range 

Complex 

0.5 120 0.1775 

11,249 

0.001578 

16,413 

0.0010815 

2,770 

0.0064077 

650 290 49.2666 0.437965 0.3001659 1.7785101 

AMNS/EMNS 
Neutralizer 

2,009 9.9277 0.088254 0.0604864 0.3583871 

Total NA NA 59.3718 0.527797 0.3617338 2.1433049 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2; AMNS/EMNS = Airborne Mine Neutralization 

System/Expendable Mine Neutralization System 

Table F-22: Impact from Explosives On or Near the Bottom for Testing Activities under Alternative 2 Over Five Years 

Training Areas 
Net Explosive 

Weight  
(lb.) 

Number of 
Charges 

Total Impact 
Footprint 

(Acre) 

Hard Substrate Intermediate Substrate Soft substrate 

Acre 
%  

Impact 
Acre 

%  
Impact 

Acre 
%  

Impact 

Hawaii Range 
Complex 

AMNS 
Neutralizer 

576 2.8466 
2,053 

0.138658 
0 

0.0000000 
1,607 

0.177140 

Total NA NA 2.8466 0.138658 0.0000000 0.177140 

Southern 
California Range 

Complex 

0.5 120 1.7750 

11,249 

0.015779 

16,413 

0.0108145 

2,770 

0.0640770 

650 480 81.5448 0.724909 0.4968269 2.9437438 

AMNS/EMNS 
Neutralizer 

2,199 10.8676 0.096610 0.0662136 0.3923336 

Total NA NA 94.1874 0.837298 0.5738550 3.4001544 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2; AMNS/EMNS = Airborne Mine Neutralization 

System/Expendable Mine Neutralization System 
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Table F-23: Potential Impact of Military Expended Materials from Training Activities on Each Substrate Type Within the Range 

Complexes in a Single Year 

Training Areas 

Percent Impact to  
Hard Bottom 

Percent Impact to 
Intermediate Bottom 

Percent Impact to  
Soft Bottom 

Alternative 
1 

Alternative 2 
Alternative 

1 
Alternative 

2 
Alternative 

1 
Alternative 

2 

Hawaii Range Complex 3.0419 0 3.8874000 

Southern California Range Complex 0.5539 0.5565 0.3796 0.3814 2.2493000 2.2599 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2; AMNS/EMNS = Airborne Mine 
Neutralization System/Expendable Mine Neutralization System 

Table F-24: Potential Impact of Military Expended Materials from Testing Activities on Each Substrate Type Within the Range 

Complexes in a Single Year 

Testing Areas 

Percent Impact to  
Hard Bottom 

Percent Impact to 
Intermediate Bottom 

Percent Impact to  
Soft Bottom 

Alternative 
1 

Alternative 2 
Alternative 

1 
Alternative 

2 
Alternative 

1 
Alternative 

2 

Hawaii Range Complex 0.619 0.6219 0 0.7911000 0.7948000 

Southern California Range Complex 0.244 0.2448 0.1672 0.1678 0.9908000 0.9943000 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2 
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Table F-25: Potential Impact of Military Expended materials from Training Activities on Each Substrate Type within the Range 

Complexes over Five Years 

Training Areas 

Percent Impact to  
Hard Bottom 

Percent Impact to 
Intermediate Bottom 

Percent Impact to  
 Soft Bottom 

Alternative 
1 

Alternative 2 
 Alternative 

1 
Alternative 

2 
 Alternative 

1 
Alternative 

2 

Hawaii Range Complex 9.4038 15.172 0 12.0175 19.3888 

Southern California Range Complex 2.2308 2.7773 1.529 1.9034 9.0591 11.2781 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2 

Table F-26: Potential Impact of Military Expended materials from Testing Activities on Each Substrate Type within the Range 

Complexes over Five Years 

Testing Areas 

Percent Impact to  
Hard Bottom 

Percent Impact to 
Intermediate Bottom 

Percent Impact to  
 Soft Bottom 

Alternative 
1 

Alternative 2 
 Alternative 

1 
Alternative 

2 
 Alternative 

1 
Alternative 

2 

Hawaii Range Complex 3.0705 3.1096 0 3.9240 3.9739 

Southern California Range Complex 1.2035 1.2242 0.8249 0.839 4.8874 4.9714 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2 
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Table F-27: Proportional Impact to Bottom Habitat from Training Activities under Alternatives 1 and 2 in a Single Year 

Training Areas 

 Impact to Hard Bottom 
 Impact to Intermediate 

Bottom 
Impact to Soft Bottom 

Impact to Unknown 
Bottom 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

Hawaii 
Range 
Complex 

Alternative 1 
0.0159 0.002708 0 0 0.012449 0.002119 62.4379 10.6329 

Alternative 2 

HSTT Transit 
Lane 

Alternative 1 
0 0 0 0 0 0 0.5918 0 

Alternative 2 

Southern 
California 
Range 
Complex 

Alternative 1 2.3502 

1.2165 

3.4291 

1.775 

0.5787 

0.2996 

55.951 

28.962 
Alternative 2 2.3613 3.4453 0.5815 56.215 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2 

Table F-28: Proportional Impact to Bottom Habitat from Testing Activities under Alternatives 1 and 2 in a Single Year 

Testing Areas 

 Impact to Hard Bottom 
 Impact to Intermediate 

Bottom 
Impact to Soft Bottom 

Impact to Unknown 
Bottom 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

Hawaii Range 
Complex 

Alternative 1 0.003237 
0.0002416 0 0 

0.002533 
0.000189043 

12.7082 
0.9485 

Alternative 2 0.003252 0.002545 12.7678 

Southern 
California 
Range 
Complex 

Alternative 1 1.0352 0.6589 1.5105 0.9614 0.2549 0.1623 24.6461 15.6863 

Alternative 2 1.0389 0.7029 1.5158 1.0256 0.2558 0.1731 24.7323 16.7336 

Note: Calculations for “Impact (Acre) Column = [(Impact Footprint) x (Number)]/43560 

Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2 
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Table F-29: Proportional Impact to Bottom Habitat from Training Activities under Alternatives 1 and 2 Over Five Years 

Training Areas 

 Impact to Hard Bottom 
 Impact to Intermediate 

Bottom 
Impact to Soft Bottom Impact to Unknown Bottom 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

Hawaii Range 
Complex 

Alternative 1 0.0492 
0.0135 0.0000 0.0000 

0.0385 
0.0106 

193.0242 
53.1647 

Alternative 2 0.0793 0.0621 311.4137 

HSTT Transit Lane 
Alternative 1 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 2.9589 0.0000 
Alternative 2 

Southern California 
Range Complex 

Alternative 1 9.4656 
6.0434 

13.8110 
8.8178 

2.3309 
1.4882 

225.3454 
143.8746 

Alternative 2 11.7840 17.1937 2.9019 280.5402 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2 

Table F-30: Proportional Impact to Bottom Habitat from Testing Activities under Alternatives 1 and 2 Over Five Years 

Training Areas 

 Impact to Hard Bottom 
 Impact to Intermediate 

Bottom 
Impact to Soft Bottoms Impact to Unknown Bottom 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

MEM 
Footprint 

(Acres) 

Explosive 
Footprint 
 (Acres) 

Hawaii Range 
Complex 

Alternative 1 0.0161 
0.0012 0.0000 0.0000 

0.0126 
0.0009 

63.0364 
4.7423 

Alternative 2 0.0163 0.0127 63.8390 

Southern California 
Range Complex 

Alternative 1 5.1065 2.2394 7.4508 3.2675 1.2575 0.5515 121.5703 53.3134 

Alternative 2 5.1943 3.5144 7.5789 5.1278 1.2791 0.8654 123.6614 83.6682 

Note: Blue shading indicates numbers and impacts of MEM that differ between Alternatives 1 and 2 
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F.2 STATISTICAL PROBABILITY ANALYSIS FOR ESTIMATING DIRECT STRIKE 
IMPACT AND NUMBER OF POTENTIAL EXPOSURES FROM MILITARY 
EXPENDED MATERIALS 

This section discusses the methods and results for calculating the probability of a direct strike of an 

animal from any military items from the proposed training and testing activities falling toward (or 

directed at) the sea surface. For the purposes of this section, military items include non-explosive 

practice munitions, sonobuoys, acoustic countermeasures, targets, and high-energy lasers. Only marine 

mammals and sea turtles will be analyzed using these methods because animal densities are necessary 

to complete the calculations, and density estimates are currently only available for marine mammals 

and sea turtles within the Study Area. The analysis conducted here does not account for explosive 

munitions because impacts from explosives are analyzed within the Navy Acoustic Effects Model as 

described in the Quantifying Acoustic Impacts on Marine Mammals and Sea Turtles: Methods and 

Analytical Approach for Phase III Training and Testing (U.S. Department of the Navy, 2017).  

F.2.1 DIRECT IMPACT ANALYSIS 
A probability was calculated to estimate the impact probability (P) and number of exposures (T) 

associated with direct impact of military items on marine animals on the sea surface within the specified 

training or testing area (R) in which the activities are occurring. The statistical probability analysis is 

based on probability theory and modified Venn diagrams with rectangular “footprint” areas for the 

individual animal (A) and total impact (I) inscribed inside the training or testing area (R). The analysis is 

over-predictive and conservative, in that it assumes: (1) that all animals would be at or near the surface 

100 percent of the time, when in fact, marine mammals spend the majority of their time underwater, 

and (2) that the animals are stationary, which does not account for any movement or any potential 

avoidance of the training or testing activity.  

1. A = length*width, where the individual animal’s width (breadth) is assumed to be 20 percent of 
its length for marine mammals and 112 percent of its length for sea turtles. This product for A is 
multiplied by the number of animals Na in the specified training or testing area (i.e., product of 
the highest average month animal density [D] and training or testing area [R]: Na = D*R) to 
obtain the total animal footprint area (A*Na = A*D*R) in the training or testing area. As a 
conservative scenario, the total animal footprint area is calculated for the species with the 
highest average month density in the training or testing area with the highest use of military 
items within the entire Study Area.  

2.  I = Nmun*length*diameter, where Nmun = total annual number of military items for each type, 
and “length” and “diameter” refer to the individual military equipment dimensions. For each 
type, the individual impact footprint area is multiplied by the total annual number of military 
items to obtain the type-specific impact footprint area (I = Nmun*length*diameter). Each training 
or testing activity uses one or more different types of military items, each with a specific 
number and dimensions, and several training and testing activities occur in a given year. When 
integrating over the number of military items types for the given activity (and then over the 
number of activities in a year), these calculations are repeated (accounting for differences in 
dimensions and numbers) for all military items types used, to obtain the type-specific impact 
footprint area (I). These impact footprint areas are summed over all military items types for the 
given activity, and then summed (integrated) over all activities to obtain the total impact 
footprint area resulting from all activities occurring in the training or testing area in a given year. 
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As a conservative scenario, the total impact footprint area is calculated for the training or 
testing area with the highest use of military items within the entire Study Area. 

Though marine mammals and sea turtles are not randomly distributed in the environment, a random 

point calculation was chosen due to the intensive data needs that would be required for a calculation 

that incorporated more detailed information on an animal’s or military item’s spatial occurrence.  

The analysis is expected to provide an overestimation of the probability of a strike for the following 

reasons: (1) it calculates the probability of a single military item (of all the items expended over the 

course of the year) hitting a single animal at its species’ highest seasonal density, (2) it does not take 

into account the possibility that an animal may avoid military activities, (3) it does not take into account 

the possibility that an animal may not be at the water surface, (4) it does not take into account that 

most projectiles fired during training and testing activities are fired at targets, and so only a very small 

portion of those projectiles that miss the target would hit the water with their maximum velocity and 

force, and (5) it does not quantitatively take into account the Navy avoiding animals that are sighted 

through the implementation of mitigation measures (for consideration of mitigation during analysis see 

Sections 3.7.3.4, Marine Mammals; and 3.8.3.4, Reptiles). 

The likelihood of an impact is calculated as the probability (P) that the animal footprint (A) and the 

impact footprint (I) will intersect within the training or testing area (R). This is calculated as the area 

ratio A/R or I/R, respectively. Note that A (referring to an individual animal footprint) and I (referring to 

the impact footprint resulting from the total number of military items Nmun) are the relevant quantities 

used in the following calculations of single-animal impact probability [P], which is then multiplied by the 

number of animals to obtain the number of exposures (T). The probability that the random point in the 

training or testing area is within both types of footprints (i.e., A and I) depends on the degree of overlap 

of A and I. The probability that I overlaps A is calculated by adding a buffer distance around A based on 

one-half of the impact area (i.e., 0.5*I), such that an impact (center) occurring anywhere within the 

combined (overlapping) area would impact the animal. Thus, if Li and Wi are the length and width of the 

impact footprint such that Li*Wi = 0.5*I and Wi/Li = La/Wa (i.e., similar geometry between the animal 

footprint and impact footprint), and if La and Wa are the length and width (breadth) of the individual 

animal such that La*Wa = A (= individual animal footprint area), then, assuming a purely static, 

rectangular scenario (Scenario 1), the total area Atot = (La + 2*Li)*(Wa + 2*Wi), and the buffer area 

Abuffer = Atot – La*Wa.  

Four scenarios were examined with respect to defining and setting up the overlapping combined areas 

of A and I:  

1. Scenario 1: Purely static, rectangular scenario. Impact is assumed to be static (i.e., direct impact 
effects only; non-dynamic; no explosions or scattering of military items after the initial impact). 
Hence the impact footprint area (I) is assumed to be rectangular and given by the product of 
military items length and width (multiplied by the number of military items).  
Atot = (La + 2*Li)*(Wa + 2*Wi) and Abuffer = Atot – La*Wa.  

2. Scenario 2: Dynamic scenario with end-on collision, in which the length of the impact footprint 
(Li) is enhanced by Rn = 5 military items lengths to reflect forward momentum. 
Atot = (La + (1 + Rn)*Li)*(Wa + 2*Wi) and Abuffer = Atot – La*Wa. 

3. Scenario 3: Dynamic scenario with broadside collision, in which the width of the impact 
footprint (Wi) is enhanced by Rn = 5 military items lengths to reflect forward momentum.  
Atot = (La + 2*Wi)*(Wa + (1 + Rn)*Li) and Abuffer = Atot – La*Wa. 
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4. Scenario 4: Purely static, radial scenario, in which the rectangular animal and impact footprints 
are replaced with circular footprints while conserving area. Define the radius (Ra) of the circular 
individual animal footprint such that π*Ra

2 = La*Wa, and define the radius (Ri) of the circular 
impact footprint such that π *Ri

2 = 0.5*Li*Wi = 0.5*I. Then Atot = π *(Ra + Ri)2 and 
Abuffer = Atot – π *Ra

2 (where π = 3.1415927).  

Static impacts (Scenarios 1 and 4) assume no additional aerial coverage effects of scattered military 

items beyond the initial impact. For dynamic impacts (Scenarios 2 and 3), the distance of any scattered 

military items must be considered by increasing the length (Scenario 2) or width (Scenario 3), depending 

on orientation (broadside versus end-on collision), of the impact footprint to account for the forward 

horizontal momentum of the falling object. Forward momentum typically accounts for five object 

lengths, resulting in a corresponding increase in impact area. Significantly different values may result 

from the static and dynamic orientation. Both of these types of collision conditions can be calculated 

each with 50 percent likelihood (i.e., equal weighting between Scenarios 2 and 3, to average these 

potentially different values).  

Impact probability P is the probability of impacting one animal with the given number, type, and 

dimensions of all military items used in training or testing activities occurring in the area per year, and is 

given by the ratio of total area (Atot) to training or testing area (R): P = Atot/R. Number of exposures is  

T = N*P = N*Atot/R, where N = number of animals in the training or testing area per year (given as the 

product of the animal density [D] and range size [R]). Thus, N = D*R and hence 

T = N*P = N*Atot/R = D*Atot. Using this procedure, P and T were calculated for each of the four scenarios, 

for Endangered Species Act (ESA)-listed marine mammals and the marine mammal and sea turtle 

species with the highest average month density (used as the annual density value) and for each military 

item type. The scenario-specific P and T values were averaged over the four scenarios (using equal 

weighting) to obtain a single scenario -averaged annual estimate of P and T. The potential number of 

exposures (t) are reported in Table F-31 through Table F-34. 

F.2.2 PARAMETERS FOR ANALYSIS  
Impact probabilities (P) and number of exposures (T) were estimated by the analysis for the following 

parameters:  

1. Two action alternatives: Alternative 1 and Alternative 2. Animal densities, animal dimensions, 
and military item dimensions are the same for the two action alternatives.  

2. Two training or testing areas: Hawaii Range Complex and Southern California Range Complex.  
3. The following types of non-explosive munitions or other items:  

 Small-caliber projectiles: up to and including .50 caliber rounds 

 Medium-caliber projectiles: larger than .50 caliber rounds but smaller than 
57 millimeters (mm) projectiles  

 Large-caliber projectiles: includes projectiles greater than or equal to a 57 mm 
projectile 

 Missiles: includes rockets and jet-propelled munitions 

 Bombs: Non-explosive practice bombs and mine shapes, ranging from 10 to 
2,000 pounds 

 Torpedoes: includes all lightweight torpedoes  

 Sonobuoys: includes all sonobuoys 

 Targets: includes expended, airborne and surface, targets, as well as mine shapes 
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 Lightweight torpedo accessories: includes all accessories that are dropped along with 
the torpedo (nose cap, air stabilizer, etc.) 

 Anchors: includes blocks used to anchor mine shapes to the seafloor 

 Acoustic countermeasures: includes aircraft deployed acoustic countermeasures  

 High-Energy Lasers: includes high-energy laser weapons that are directed at a surface 
target 

 Expended Bathythermographs: small sensor deployed from ships  
4. Animal species of interest: The eight species of ESA-listed marine mammals and the non-ESA 

listed marine mammal species with the highest average month density in the training and 
testing areas of interest. The sea turtle species with the highest average month density in the 
training and testing areas of interest. 

F.2.3 INPUT DATA  
Input data for the direct strike analysis include animal species likely to be in the area and military items 

proposed for use under each of the two action alternatives. Animal species data include: (1) species 

identification and status (i.e., threatened, endangered, or neither), (2) highest average month density 

estimate for the species of interest, and (3) adult animal dimensions (length and width) for the species 

with the highest density. The animal’s dimensions are used to calculate individual animal footprint areas  

(A = length*width), and animal densities are used to calculate the number of exposures (T) from the 

impact probability (P): T = N*P. Military items data include: (1) military items category (e.g., projectile, 

bomb, rocket, target), (2) military items dimensions (length and width), and (3) total number of military 

items used annually.  

Military items input data, specifically the quantity (e.g., numbers of bombs and rockets), are different in 

magnitude between the two action alternatives. All animal species input data, the military items’ 

identification and category, and the military items’ dimensions are the same for the two alternatives; 

only the quantities (i.e., total number of military items) are different.  

F.2.4 OUTPUT DATA  
Estimates of impact probability (P) and number of exposures (T) for a given species of interest were 

made for the specified training or testing area with the highest annual number of military items used for 

each of the two action alternatives. The calculations derived P and T from the highest annual number of 

military items used in the Study Area for the given alternative. Differences in P and T between the 

alternatives arise from different numbers of events (and therefore military items) for the two 

alternatives. 

Results for marine mammals and sea turtles are presented in Tables F-31 through F-34.   
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Table F-31: Estimated Representative Marine Mammal Exposures from Direct Strike of a High-

Energy Laser by Area and Alternative in a Single Year 

Hawaii Range Complex 

Species 
Training  Testing 

Alternative 1 Alternative 2 Alternative 1 Alternative 2 

False Killer Whale (MHI 
Insular DPS) 

0.000000 0.000000 0.000000 0.000000 

Sei Whale 0.000000 0.000000 0.000000 0.000000 

Fin Whale 0.000000 0.000000 0.000000 0.000000 

Blue Whale 0.000000 0.000000 0.000000 0.000000 

Sperm Whale 0.000000 0.000000 0.000001 0.000001 

Hawaiian Monk Seal 0.000000 0.000000 0.000000 0.000000 

Bottlenose Dolphin (Oahu) 0.000000 0.000000 0.000068 0.000068 

SOCAL Range Complex  

Species 
Training Testing 

Alternative 1 Alternative 2 Alternative 1 Alternative 2 

Gray Whale (Western North 
Pacific DPS) 

0.000000 0.000000 0.000004 0.000015 

Humpback Whale (Central 
American DPS) 

0.000000 0.000000 0.000003 0.000011 

Sei Whale 0.000000 0.000000 0.000000 0.000000 

Fin Whale 0.000000 0.000000 0.000003 0.000012 

Blue Whale 0.000000 0.000000 0.000004 0.000016 

Sperm Whale 0.000000 0.000000 0.000002 0.000008 

Guadalupe Fur Seal 0.000000 0.000000 0.000032 0.000146 

Short Beaked Common 
Dolphin 

0.000000 0.000000 0.000693 0.003321 

Table F-32: Estimated Representative Sea Turtle Guild Exposures from Direct Strike of a High-

Energy Laser by Area and Alternative in a Single Year 

Hawaii Range Complex 

Species 

Training Testing 

Alternative 1 Alternative 2 Alternative 1 
Alternative 

2 

Pacific Sea Turtle Guild 0.000000 0.000000 0.000064 0.000064 
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Table F-33: Estimated Representative Marine Mammal Exposures from Direct Strike of 

Military Expended Materials by Area and Alternative in a Single Year 

Hawaii Range Complex 

Species 

Training Testing 

Alternative 
1 

Alternative 
2 

Alternative 
1 

Alternative 
2 

False Killer Whale (MHI Insular DPS) 0.000035 0.000035 0.000042 0.000043 

Sei Whale 0.000007 0.000007 0.000009 0.000009 

Fin Whale 0.000003 0.000003 0.000003 0.000003 

Blue Whale 0.000002 0.000002 0.000003 0.000003 

Sperm Whale 0.000068 0.000068 0.000082 0.000083 

Hawaiian Monk Seal 0.000048 0.000030 0.000037 0.000037 

Bottlenose Dolphin (Oahu) 0.008154 0.008154 0.009900 0.009924 

SOCAL Range Complex 

Species 

Training Testing 

Alternative 
1 

Alternative 
2 

Alternative 
1 

Alternative 
2 

Gray Whale (Western North Pacific 
DPS) 

0.000576 0.003197 0.000383 0.000386 

Humpback whale (Central American 
DPS) 

0.000443 0.002457 0.000295 0.000297 

Sei whale 0.000012 0.000064 0.000008 0.000008 

Fin whale 0.000424 0.002331 0.000283 0.000285 

Blue whale 0.000565 0.003097 0.000378 0.000380 

Sperm whale 0.000296 0.001641 0.000197 0.000199 

Guadalupe Fur Seal 0.006305 0.035318 0.004181 0.004209 

Short Beaked Common Dolphin 0.149682 0.841811 0.099091 0.099772 

Table F-34: Estimated Representative Sea Turtle Exposures from Direct Strike of Military 

Expended Materials by Area and Alternative in a Single Year 
 

Hawaii Range Complex 

Species 
Training Testing 

Alternative 1 Alternative 2 Alternative 1 Alternative 2 

Pacific 
Sea Turtle 
Guild 

0.007559 0.007559 0.009177 0.009198 
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F.3 POISSON PROBABILITY OF DIRECT VESSEL STRIKE WITH MARINE MAMMALS 
It is Navy policy to report all marine mammal strikes by Navy vessel. The information is collected by the 

Office of the Chief of Naval Operations Environmental Readiness and provided to the National Marine 

Fisheries Service (NMFS) on an annual basis. Only the Navy and the U.S. Coast Guard report in this 

manner. Therefore, it should be noted that Navy vessel strikes reported in the scientific literature and 

NMFS databases are the result of the Navy’s commitment to reporting all vessel strikes to NMFS rather 

than a greater frequency of collisions relative to other ship types. Historically and as a cautionary 

practice today, some Navy strikes are reported to NMFS even though the strike to a marine mammal 

could not be confirmed, or if large cetacean was struck then exact species may not be known. Most 

vessel strikes of marine mammals reported involve commercial vessels and occur over or near the 

continental shelf (Laist et al., 2001). Reporting to NMFS of whale strikes by commercial vessels is not 

required and reporting rates are therefore unknown but likely to be much lower than actual 

occurrences.  

Between 2007 and 2009, the Navy developed and distributed additional training, mitigation, and 

reporting tools to Navy operators to improve marine mammal protection and to ensure compliance with 

upcoming permit requirements. In 2007, the Navy implemented the Marine Species Awareness Training, 

which is designed to improve the effectiveness of visual observations for marine resources, including 

marine mammals and sea turtles. In subsequent years, the Navy issued refined policy guidance 

regarding marine mammal incidents (e.g., ship strikes) in order to collect the most accurate and detailed 

data possible in response to a possible incident. For over a decade, the Navy has implemented the 

Protective Measures Assessment Protocol software tool, which provides operators with notification of 

the required mitigation and a visual display of the planned training or testing activity location overlaid 

with relevant environmental data. Similar mitigation, reporting, and monitoring requirements have been 

in place since 2009 and are expected to continue into the future. Therefore, the conditions affecting the 

potential for ship strikes are the most consistent across this time frame. As a result, data from the past 

nine years (i.e., 2009 to 2016) are used to calculate the probability of a Navy vessel striking a whale 

during proposed training activities in the Study Area. The level of vessel use and the manner in which 

the Navy trains and tests in the future (2019–2023) is expected to be consistent with this time period. 

Data over a period from 2009 to 2016 are used to calculate the most current probability of a Navy vessel 

striking a whale in the Study Area. From January 2009 through December 2016, a total of two 

(2) reported whale strikes have occurred from Navy training and testing activities in the HSTT Study 

Area, two in the Southern California Range Complex (both fin whales in 2009). 

Large unmanned surface vessels are an emerging technology area. Within the timeframe covered by this 

analysis, the Navy anticipates that testing of large unmanned surface vehicles in the HSTT Study Area 

would could occur up to approximately 300 at-sea days per year. During some testing of large 

unmanned surface vessels, the platforms would be manned by testing personnel who would serve as 

Lookouts and would have the ability to over-ride autonomous navigation; however, other testing would 

occur while the platform is unmanned. As described in Chapter 5 (Mitigation), autonomous marine 

mammal detection technologies are being investigated, but it is assumed that these technologies may 

not be available for large unmanned surface vehicle testing in the timeframe covered by this analysis. 

Unlike for manned naval vessels, there are no historical at-sea hours or strike data upon which a large 

unmanned surface vessel strike analysis can be based. The method presented above for naval vessels, 

therefore, is followed to assess the risk of strike due to the addition of large unmanned vessel at-sea 
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days. Following the method presented above, an additional 300 at-sea days annually are added to the 

strike risk to account for large unmanned surface vessels. This is a small increase in risk compared to the 

risk based on historical data for manned vessels; however, actual additional risk is assumed to be 

greater because of the lack of both lookouts and implementation of procedural mitigation. Still, this 

increased risk would be limited because large unmanned surface vessel at-sea days are a small portion 

(less than 7 percent) of overall vessel predicted at-sea days for 2019-2023; large unmanned surface 

vessels would be substantially smaller than most naval vessels; and a portion of large unmanned surface 

vessel tests would include lookouts who could implement avoidance mitigation. 

Since the probability of a Navy vessel strike to whales is influenced by the amount of time at sea for 

Navy vessels within the HSTT Study Area, the Navy used historic at-sea days in HSTT from 2009–2016 

and estimated potential at-sea days for the period from 2019 to 2023. The at-sea days then are used to 

calculate a strike rate based on the 2009–2016 reporting period. Total ship at-sea days for this period 

were 33,860 days. Dividing the two reported strikes by ship at-sea day (2/33,860) results in a strike rate 

of 0.00006 strike per day. Estimated ship at-sea days within HSTT for the period from 2019 to 2023 is 

22,663 days. The historic strike rate (0.00006 strike per day) can be multiplied by the estimated at-sea 

days from 2019 to 2023 to estimate the number of whale strikes that could be anticipated (0.00006 

strike per day x 22,663 days). This calculation predicts up to 1.34 strikes over the period from 2019 

to 2023. 

The probabilities of a specific number of strikes (n=0, 1, 2, etc.) over the period from 2019 to 2023 can 

be derived from a Poisson distribution. A Poisson distribution is often used to describe random 

occurrences when the probability of an occurrence is small, e.g., count data such as cetacean sighting 

data, or in this case strike data, often described as a Poisson or over-dispersed Poisson distribution. The 

formula for a Poisson distribution is: 

 

 

P(nǀµ) is the probability of observing n events in some time interval, when the expected number of 

events in that time interval is µ. For this analysis, µ is the estimated 2019–2023 strike rate of 1.2. 

From the strike rate (1.2), the Poisson distribution can estimate the probability of n where n=0 (no 

strikes), 1 strike, 2 strikes, and 3 strikes: 

P(0)= 0.262 or a 26% chance of zero strikes over the period from 2019 to 2023 

P(1)= 0.351 or a 35% chance of one strike over the period from 2019 to 2023 

P(2)= 0.235 or a 23% chance of two strikes over the period from 2019 to 2023 

P(3)= 0.105 or a 10% chance of three strikes over the period from 2019 to 2023 
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APPENDIX G FEDERAL REGISTER NOTICES 

Appendix G contains the following Federal Register Notices: 

1. Notice of Intent to Prepare an Environmental Impact Statement/Overseas Environmental Impact 

Statement for Hawaii-Southern California Training and Testing and Notice of Public Scoping 

Meetings 

2. Corrected Notice of Intent to Prepare an Environmental Impact Statement/Overseas 

Environmental Impact Statement for Hawaii-Southern California Training and Testing and Notice 

of Public Scoping Meetings 

3. Notice of Public Meetings of the Draft Environmental Impact Statement/Overseas 

Environmental Impact Statement for Hawaii-Southern California Training and Testing 

4. Notice of Availability of the Draft Environmental Impact Statement/Overseas Environmental 

Impact Statement for Hawaii-Southern California Training and Testing 

5. Notice of Receipt of Application for Letter of Authorization for Taking Marine Mammals 

Incidental to U.S. Navy Training and Testing Activities in the Hawaii-Southern California Training 

and Testing Study Area 

6. Proposed Rule for Takes of Marine Mammals Incidental to U.S. Navy Training and Testing 

Activities in the Hawaii-Southern California Training and Testing Study Area 
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